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‘Surface’ High Speed Heating 
automotive forge plant. 


s 


‘Surface’ High Speed Heating Furnaces have 
been making performance records wherever they 
have been installed in leading production forging 
plants. Increased production... better quality 
of product and work .. . improved working con- 
ditions, all without added floor space, combine 


to make these furnaces the choice over other ; - PERFORMANCE DATA 
heating methods. PART: Steering knuckle support. 

Now, you can create New Profits in Produc- RATED CAPACITY OF FURNACE 
P - A ° Pra] . ’ ° C 1 1 c 
tion Forging by converting to ‘Surface’ High a apie geet 

. “a . . x 4 x ' 

Speed Heating. More descriptive data on the REMARKS 
high speed combustion system, the furnace unit, Die life increased 16 

. ‘aa ea Scrap loss less than 2 
application and comparative costs are available 


- - p ’ ‘ of “ Maintenance less than $ 30/ton 
in ‘Surface’ Bulletin SC-144. Write for your FURNACE: Automatic pusher type equip- 
copy today! 


“ ped with dampers for atmosphere 


SURFACE COMBUSTION CORPORATION ® TOLEDO 1, OHIO 
F T 
s e Stein & Rouboix, Paris FOREIGN AFFILIATES British Furnaces, Ltd., Chesterfield aw 
FOR: Gos Corburizing and Carbon Restoration (Skin Recovery), Homogeneous Carburi- 
zation, Clean and Bright Atmosphere Hardening, Bright Gas-Normolizing and Anneal- 


y ing, Dry (Gas) Cyaniding, Bright Super-Fast Gas Quenching, Atmosphere Malleableizing 
and Atmosphere Forging. Gas Atmosphere Generators. 
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... Using THERMALLOY’ trays and grids for carburizing application 


The trays and grids shown above are used for carburizing 
automotive gears at a temperature of 1650° F. Through 
the use of Thermalloy “50”, plus certain design changes, 
Average Cost | Average average Cost per heat/ hour has been cut in half... average 
per Heat Hour | Hours Life hours of service life more than doubled. (See figures 
at left.) 

This is one of many cases where customers have greatly 
Thermalloy .0048° 6707 benefited from Thermalloy’s heat-resistant properties 
plus the ability of Electro-Alloys engineers to develop 
Tray “A” .0095° 3443 designs suited to ideal foundry practice as well as to 
customer service requirements 
Tray ‘’B”’ .0092° 3022 Thermalloy is not just one alloy, but a group of alloys 

.each specially adapted to certain heat and abrasion 
requirements. Our engineers can assist you in selecting 
the type best suited to your particular needs recom- 
mend designs that will insure maximum service life 

To put such knowledge to work for you, just phone 
your nearest Electro-Alloys office, or write Electro-Alloys 
Division, 2095 Taylor Street, Elyria, Ohio. 








(Note: Figures do not include 
trays damaged in furnace wrecks, 
by rough handling, etc.) 


*Reg. U.S. Pat. Off, 





AMERICAN =i 


Brake Shoe ELECTRO-ALLOYS DIVISION 


ELYRIA, OHTO 
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LATROBE 


FULL 
UNIFORMITY 


als 
g > 


QUALITY 

CONTROL Latrobe’s Desegatized Brand high speed steels and hi 
carbon - hi chrome die steels will help you cut production 
costs. Rigorous quality control - from material selection 
through product inspection - plus the full uniformity 
found in all Desegatized Brand steels assures better tool 


and die performance and longer production life. 


In Desegatized Brand steels, the all-important carbide 
particles are evenly distributed throughout the entire 
cross section - NO HARMFUL CARBIDE SEGREGATES 
ARE PRESENT! This results in extra toughness and 
strength .. . cracks, checks and warpage in heat treat- 
ment are radically minimized... superior machining 


and grinding abilities result. 


Specify Latrobe’s Desegatized Brand tool and die steels 
for better performance and resulting lower production 


costs. 


Send for booklet “WHY DESE- 
GATIZED” showing superiority 
of Desegatized Brand steels over 


LATROBE ELECTRIC Re re 
STEEL COMPANY * 


LATROBE, PENNSYLVANIA e ag? Sa 
PESEGarize» 


Branch Offices and Warehouses located in: DETROIT, TOLEDO, DAYTON, PITTSBURGH, LOS ANGELES, PHILA- 


DELPHIA, CHICAGO, CLEVELAND, NEW YORK, BOSTON, SEATTLE, MILWAUKEE, HARTFORD, ST. LOUIS, 
BUFFALO 


Sales Agents: DALLAS, HOUSTON, WICHITA, DENVER, BIRMINGHAM 





WHY RISK yl TO SAVE A DIME A WEEK? 


a plant Phere is just one way of removing Pa 
: I this threat to 9 —_ icy of pro : Guards Product Quality 
rives on poor tem temperature t's by putting Whee You Ulee lactruments 


standardizing responsibility where it Like These 
ariation of only belongs directly on rder 


\nd the margin ts 


and controllers thems« 
\ relatively 
tomatic standard 
risk this loss nto the potent 
| attack job. It checks the 
t least every 48 minu 
hen necessary 
\nd this essential fe 
the usual 10 years, costs les 
10¢ a week 


So, regardless of what make in- 


struments vou buy, be sure to specity 
automatic standardizing. It’s cheap 
sale sure! 
Write Leeds & Nort! rup Company, 
4927 Stenton Avenue, Philadel 


Iphia 
44, Pennsylvania 


f , MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES Speedomax Potentiometer In- 

La ———— = —— (left) 

be elping maintain production in 
as a Db S & » O R + H R U ® ee} an Ohio metal-working plant. 
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from 
Arizona 
to 
Arabia 


if’s a 


DriGooler 


world eee 





Climates vary 
cooling requirements differ—but preference 
for Marley DriCoolers is world-wide, as evidenced 
by the exceptional interest shown in the ever-increasing number ‘. 
of DriCooler installations throughout the world. Consider all factors — weather conditions, fluid 


to be cooled, horsepower required, influence e of corrosion, and many more 


and you'll find that Marley offers you the best, most economical dry cooler for your specific job. 


This is so because Marley makes a complete line of DriCoolers in a wide range of capacities 
and designs; because each Marley DriCooler is engineered for the job, whether it 


be to cool jacket water in the Arctic or lube oils in the burning desert. 


There’s a Marley application engineer in every major city, whose Also producers of 
services and experience are yours for the asking. Call your Marley man for full AQUATOWERS 
details or write for Bulletin DC-50. VAIRFLO TOWERS 
DOUBLE-FLOW TOWERS 
NATURAL DRAFT TOWERS 
SPRAY NOZZLES 


The Marley Company, Inc. 


KANSAS CITY 15, KANSAS 
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Whether you make dragline buckets feed troughs 


ne \ . 
truck trailers mb with Inland Hl STEEL , you can retain the same 


0 6 


ep 


gi to make more with less stee\-" 


structural strength ry yet save enough steel on every three units to 


fabricate a fourth one! eB | j | . uy) fe Where payload is important 
a / 


/E: a 


4 ean \ 
—_“-* extreme strength and elimination a is of deadweight essential 


\ 
flac ® 
HI-STEEL is the answer. When you must make your product stronger 


=~) 


or make it lighter @ gs, / or make it last longer ( ry without increasing your 


; NY, a 
steel tonnage HI-STEEL is the answer. HI-STEEL:. yield point 


we 


~ NS 


nearly twice as high as ordinary structural-grade carbon steel, plus superior notch 


is 
toughness and fatigue strength. HI-STEEL:. resistance to atmospheric corrosion 


c 


\ 


may be improved as much as 12 times 
4 
Naif 


over ordinary carbon steel, depending on the abrasive medium. No change in shop 


is ordinarily required when fabricating HI-STEEL. 


SALES OFFICES: Chicago, Davenport, Detroit, Indianapolis, Kansas City, Milwaukee, New York, St. Louis, St. Paul 
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Delivery from HARSHAW Stock 


VOLAND ANALYTICAL BALANCE Series 300 








“ 
i 


MISTER: 


¥, 64 


ws 


246% 


. This moderately priced nalenes possesses features which. : 
ighing, speed, and accuracy usually found only in higher p 


About the VISIGRAM— 


The VISIGRAM is a direct reading device which 
greatly increases accuracy, speed and convenience of 
analytical weighing. 

The VISIGRAM uses the chain to give a DIRECT 
READING of weights below 0.1000 gram. The weight 
is read in numerals on a counter at the eye level. The 
inconvenience of interpolating a vernier is eliminated 
and inaccuracies due to parallax or other visual dis- 
tortions are non-existent. 

A reading is made instantly and accurately to the 
fourth decimal place and the fifth decimal place can 
be estimated if desired. 

The VISIGRAM is equipped with ball bearings 
throughout, which insures smoothness of operation, 
so that the maximum weighing accuracy can be main 
tained. A simple equilibrium adjustment is provided. 


The device has been carefully designed so that all 
working parts of the balance are in view and accessible. 
H-2460-50 —Voland Analytical Balance with 
VISIGRAM, notched beam and built-in 
Magnetic Damper . . $355.00 
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Specifications 


Capacity: 200 grams on each pan 

Knives: Selected agate 

Sensitivity: .05 milligrams with full load. 

Bearings: Optically flat polished agate. 

Beam: Hard rolled aluminum alloy 6” 

Arrestment Mechanism: Verti: 
support 

Cabinet: Aluminum 

Base: Black Slate 

Pans: 2.5 
bows. 

Visigram, Notched Beam: Dumb-bell shaped rider 
with fork mechanism prevents rider from falling off 
beam. Provides 1.1 grams without additional weights 
or riders. Equipped with equilibrium adjustment 

with built-in Magnetic Damper. 


long 
al with three-point 


diameter, polished, with chromium plated 


mechanism 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO 
CLEVELAND 6, OHIO 


Cleveland, Ohio 
Cincinnati, Ohio 
Detroit, Michigan 


Houston, Texas 
Los Angeles, Calif. 
Philadelphia, Pa. 











hago ane you is 


CHRISTIANSEN 
CORPORATION 







CHRISTIANSEN CORPORATION 
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Waukesha Motor 


Heat treating trouble came to the Waukesha 
Motor Company, Waukesha, Wisconsin, recently. 
Several key parts for various engine models would 
not harden uniformly or wash easily. 

A Cyanamid technical service representative was 
called, and came to the plant. Here he worked 
in close cooperation with Waukesha engineers. 
Combining their knowledge, they analyzed the 
problems ...and found practical, effective 
solutions in each case with one product— 
AEROCARB E and W Carburizing Compounds. 
The Waukesha case is typical of the way Cyan- 
amid service and heat treating compounds can 
work together to solve your metal treating prob- 
lems and help you meet the high specifications 
required on civilian and defense contracts, so: 


Next time, call Cyanamid first. 





Company dropped these problems in our lap 


and here’s how AEROCARB® E and W 
Carburizing Compounds solved them 


Faced with the problem of tightening specifications to improve the service 
life of these three key engine parts, and to make processing easier, the 
Cyanamid technical service representative made these recommendations: 


Governor lever quadrant used Thrust plates used in Storting cronk jow used in 
in Waukesha Engine 6LRZ Waukesha Engine 145-GKB Waukesha Engine 190 


SV 


A quadrant made of low carbon hot rolled Gear cover thrust plates, SAE 1314, were A starting crank jaw, SAE 1017 was treat- 
steel was treated in AEROCARB E treated in AEROCARB E and W for two ed in AEROCARB E and W at 1550 
and W Carburizing Compounds at 1550° hours, then water quenched. Results: a for two hours, then water quenched. Re- 
for 14% hours, then oil quenched. Re- far greater uniformity of hardness than sults: parts came clean easily and quickly 
sults: longer service life due to higher was previously attained. in spite of the fact that the water used 
and more uniform hardness, parts easily for quenching had a hardness of approx- 
washed after treating. imately 28 grains. 


o AMERICAN Ganamid company 


AEROCARB® Carburizing Compounds 30 Rockefeller Plaza, New York 20, New York 
AEROCASE® Case Hardening Compounds (CO Please send me technical data sheet on AEROCARB E and W easy 
AEROHEAT® Heat Treating Compounds __ washing compounds 


] Please have a technical service representative call 


Cyanamid’s heat treating compounds include: 


District Offices: Boston @ Philadelphia ¢ Baltimore « Charlotte 


N > » 
Cleveland * Chicago * Kalamazoo « Detroit ¢ St. Louis ¢ Los Angeles win — Position 


Company___ 


Address___ 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


State 
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Take a tip from 


the people who run Railroads 


OU can date a renaissance in railroad equip- 
ype from the time when the first stainless 
steel streamliners appeared in the 1930°s. In stain- 
less steel, railroad management found a material 
that introduced a whole new set of values .. . so 
strong that it permits lightweight construction 
which saves large amounts in fuel costs ... so 
corrosion-resistant and everlasting that cleaning, 
maintenance and depreciation costs are cut to 
the bone. 

The public is benefitted with faster, safer, more 
comfortable and modern travel accommodations; 
the roads benefit because stainless steel saves on 
expenses and increases profits. Today you'll find 
Allegheny Metal used not only for entire trains, 
but in dining-car kitchens, sleeping-car equip- 
ment, refrigerator cars, and tank cars for the 
transportation of milk, chemicals, ete. 


You can make 


Rail equipment is only one of the vital uses for 
stainless steel in general industry and the na- 
tional defense. In the past decade, we have spent 
many millions to increase the supply of Allegheny 
Metal and other alloy products, and are in the 
process of spending millions more. @ In the na- 
tional interest, let us help you to use stainless 
steel most efficiently, and make the available 
supply go farther. 

J ee 

Complete technical and fabricating data—en- 
gineering help, too—are yours for the asking from 
Allegheny Ludlum Steel Corporation, Pittsburgh, 
Pa. ... the nation’s leading producer of stainless 
steel in all forms. Branch Offices are located in 
principal cities, coast to coast, and Warehouse 
Stocks of Allegheny Stainless Steel are carried by 
all Joseph T. Ryerson & Son, Inc. plants. 


it BETTER with 


Vie -resve0 
Al legheny Metal STaINLess sTeet 
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FAFNIR USES 20 LINDBERG CYCLONES 


, 4 hoantada 
toa draw thousands of types of bearings f 


The Fafnir Bearing Company, New Britain, Conn., uses Lindberg 
Cyclone Furnaces to draw thousands of types and sizes of its line of ball 
bearings. They say: 

“The metallurgical department of our company entrusts the major part 
of its drawing operations to Lindberg Cyclone Furnaces because it has 
found them to be dependable work horses. At the present time there are 
20 in use in the Company’s three ball bearing plants in New Britain, Conn. 

“They have given excellent continuous service for more than 8 years. 
For long periods they were operated 24 hours a day, seven days a week, 
(at temperatures ranging from 275 to 1200°F.) without downtime due 
to furnace failure. 

“Because the Fafnir line of ball bearings,comprising thousands of types 
and sizes, is considered the most complete manufactured in this country, 
the Lindberg Cyclones draw a considerable variety of parts. The work 
varies from small to large dense loads (up to 1600 Ibs.) of bearing rings, 
balls and rolls, yet the uniform results demanded for the manufacture 
of precision products is constantly being achieved—and in an atmosphere 
of cleanliness and satisfactory working conditions.” 


Local Offices in every industrial center. 


LINDBERG ENGINEERING COMPANY 2448 W. Hubbard Street, Chicago 12, Illinois. 


LINDBERG War FURNACES 
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WOULD 


BIGGER COVERS 


CUT YOUR 
ANNEALING 
COSTS? 








The operating economies of large annealing 
covers is obvious. Handling time is shortened 
when one cover replaces as many as eight. 
And larger covers permit larger volumes to 
be treated in each anneal. But installation 
records of large PSC covers show that other 
less obvious savings are effected. Made of 
light-gauge welded sheet alloy, they attain 
heat in less time; and they handle easier and 
faster. Being less bulky, PSC covers increase 


furnace capacities. 


PSC ‘‘Light-Weight”’ Construction 
Makes Much Larger Covers Possible 


We have made annealing covers as long 
as 21 feet. Because of the light-weight 
nature of PSC construction there is really 
no limit to the size of cover we can furnish. 
We fabricate from any alloy to meet your 
firing requirements. We invite you to take 
advantage of our 20 years experience in fab- 
ricating covers for the majority of the nation’s 


steel mills and many leading foundries. 


Weigh Ura to “/; L045 


All units in The Pressed Steel Co. complete 

line of heat-treating equipment, listed at right, are 
made of light-gauge welded sheet alloy. On the 
average, they weigh 2/3 less than cast equipment, resul- 
ting in outstanding savings. Yet their service 


r we ses life is 2 to 7 times that of cast equipment. 


y 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL CITIES 
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SCALE FREE—pecars Free Hardéning 
for ALL Engineering Steels 


- 


By its very nature the Ajax Electric Salt Bath Furnace 
guards against pitting, scaling, carburizing or 
decarburizing in the hardening of carbon, alloy, 
stainless and high carbon-high chromium steels in the 
temperature range from 1450” F. to 1950° F. The liquid 
neutral salt bath not only prevents these surface effects 
by sealing the work from air during heating, but leaves 
o protective film of salt on it right up to the moment 

of quenching. All need for “protective atmospheres,” 
gas generating equipment and specially trained 
operators is eliminated. 


Heating cycles are from 4 to 6 times faster than in 
atmosphere or radiant type furnaces, thus enabling 
small, relatively inexpensive salt bath equipment to 
handle an amazing volume of work. Heat is transferred 
by conduction rather than by convection or radiation, 


all surfaces of the work being in direct contact with 

Photomicrograph showing ab- 

sence of scale or decarburization 

uniform. Distortion is reduced to a negligible minimum. 

in a section of SAE. 1085 steel g"9 — 

{X100) neutral salt bath hardened The unique internal heating principle of the Ajax 
at 1500 F. and quenched in oil. 


(Etched in 2% Nital.) furnace produces an automatic electrodynamic stirring 


the molten salt. Heating is extremely rapid and 


action which contributes to rapid heating and assures 
o@ temperature variation of less than 5° F. throughout 
the bath. 

Ajox furnaces assure low operating and maintenance 
costs and no skilled labor is required. Ceramic pots 
last 5 years or longer (many are still in use after 


8 years continuous service). 


AJAX ELECTRIC COMPANY, Inc. 


910 Frankford Avenue Philadelphia 23, Pa. 


Automotive spline shafts being heated in a 

neutral salt bath equipped with a screw-con- 

veyor mechanism. Temperature of the work is 

held within 5°F. even in this relatively large bath 
6 ft. long, 2 ft. wide and 2 ft. deep. 


ELECTRIC j1;, FURNACES 
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Metal analysis 


Representing the most advanced type of direct-reading 


© . 
1H MGS spectrometer yet developed, this multiple-purpose in 
sen strument provide $ pen and-ink recorded analyses of 


samples, element by element, almost instantaneously 


These graphic records may be made in multiple for 


with ARL Production high speed analytical control. 
Control Quantometer The instrument can be designed for many purposes, 


including testing of metal alloys and other inorganic 
materials. As many as 25 elements can be measured 
with one instrument—up to 20 simultaneously. Individ 
ual units are not limited to one type of analysis but can 
be designe d for diverse and versatile service to meet 
the requirements of several major plant problems. Re 


Reader tn Pesfermence sults are comparable to chemical analyses in accuracy. 

The latest and most elaborate unit in the complete 
ae einer Senet on field offers you so ARL line of spectrochemical equipment, the ARL Pro 
many outstanding features for obtaining complete, duction Control Quantometer offers the modern scien- 
accurate, high-speed chemical analyses tist the equivalent of a complete laboratory in one 


compact unit. Manufactured by the world’s oldest and 
Leader in Popularity 

largest producers of direct-reading instruments, the 
ARL Production Control Quantometers are Quantometer is available to help you in your analytical 


in daily use in all fields of metal analysis and production problems. Write for complete details. 





APPLIED RESEARCH LABORATORIES 
4336 San Fernando Road, Glendale 4, California 


New York, Pittsburgh, Detroit, Chicago, Los Angeles 
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Oilite is an effective 


T0 HELP OUR replacement, not a 
mere substitute 
In the last decade, more and 
METALS SITUATION WM S222 
“Oilite minded” because the 


advantages are many.To meet 
the current situation, many 


of our customers have changed 
their specifications to replace 


strategic copper and tin with 


Re: Specifications 








products of iron powder or iron 

powder alloys. Others are re- 

p pl: icing iron castings, steel and 

a_i aluminum with similar Oilite 
products. 

Also of importance to exec- 
utives, under conditions of 
urgency, are the wide adapta- 
bility, the speed of delivery, 
and the economy of cost, time 





and manpower which result 
from the use of Oilite finished 
machine parts, made from 

metal powders 
Intricate designs, which 
normally require m iny differ- 
ent machining operations, can 
be produced quickly and eco- 
P nomically from Oilite. There 
: a oa . is great freedom of design and 
Oo}l LITE . * frequently two or more parts 
may relieve your shortage ~ can be contbined in a cagls 
eo aes Oilite unit. Oilite eliminates 
upto2 fimac hiningope rations. 
Delivered ready for assem- 
bly, Oilite parts save the time 
Particularly in mass-production ferrous units or as replacements and investment required to 
units of small and medium size, for steel and castings. tool up by standard methods. 
Oilite finished machine parts and When you employ Oilite you it is not unusual to be in pro- 
bearings can be made to your also obtain the benefits of more 
design in a broad range of ferrous than 20 years’ engineering, re- compared to a possible 18- 
and nonferrous metals and alloys, search, and production experience month delivery of machine 
except as limited by government in powder metallurgy, together tools. Trained manpower is 
control. Moreover, Oilite prod- with the service of field engineers thus released for other urgent 

ucts of ferrous base may serve throughout the United States and needs 

excellently instead of scarce non- Canada. Oilite is not a substitute 


of critical materials 


duction on a complex Oilite 
part within a few weeks, as 


It is metallurgy’s answer to 
the need for a new material 


You are invited to contact 
It may solve your problem 


the field engineer in your district or 
th write the home office regarding : : 
the application # d AAD Law Ny Ka meant 
7 we pplication to your needs —<—J 


of Oilite products. President 


AM PLEX of Clips Capon COMPANY 


GB ‘i MICHIGAN ead Li bs £ 
Field Engineers and Supply Depots in Principal U. S. and Canadian Cities PrRobuCcTS 
-OILITE PRODUCTS ——— — 


Heavy duty, oil-cushioned, self-lubricating bearings and finished 
machine parts in ferrous and nonferrous metals and alloys. Per- 
manent filters. Friction units. Self-lubricating cored and bar stock. 








At Viceroy Manufacturing Company 
—Rubber Goods. This leading Canadian 
company uses CAPACILOGS to 
obtain and record true temperatures 
of rubber products being moulded 
in @ continvous rotary curing machine 
developed by the company. 


At Macwhyte Company— Wire Pat- 
enting. Here the CAPACILOG is 
used on the entering end of an elec- 
trically heated nitrate salt bath to 
control and record temperatures. 








Accurate to a point which exceeds the need in 
normal process applications throughout industry— 
that’s the Capacilog—another example of Wheelco 
Instrumentality in action. It's a direct reading, deflec- 
tion type strip chart recorder which gives you meas- 
urement, indication, and control with a permanent 
record of temperature, speed, static strain loads, 
AC-DC voltage, amperage and other electrically 
measurable factors. 


Economy—uninterrupted service and accuracy are 


ee the leading reasons why more and more manufac- 
... complete illustrated de- 


jails of the CAPACILOG... turers are specifying the Wheelco Capacilog for 


construction . . . specifi- 


aici. ; eileen more profitable use of process equipment. 


Wheelco Instruments Company, 835 West Harrison Street, Chicago 7, Illinois 


AT heelco Gt) electronic controls 
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Speed this 
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Suggestions on how designers can utilize it for 
faster, lower-cost production... capitalize on 
advantages that only the light metals provide 





CONTENTS 
Aluminum Die Castings 
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Aluminum Forgings 
Aluminum Extrusions 


Aluminum Screw Machine Stock 
Magnesium 


Aluminum Die 
Castings 





New developments are making possible larger and stronger die castings in aluminum. 
This case history of an automotive clutch housing shows how an Alcoa die casting made 


a part stronger and less expensive, too. 





This clutch housing supperts half the engine’s weight. 
It is highly stressed, must absorb vibration. Originally, 
these housings were made of cast iron. Designers recog- 
nized the advantages to be gained by the use of a properly 


engineered aluminum casting. 


After extensive development by our engineers, an alumi- 
num die casting capable of withstanding the stresses was 
designed. Using a sand casting alloy of comparable 
mechanical characteristics to the die casting alloy se- 


lected, we poured sand castings and machined them to 


the die casting dimensions. Alcoa's Research Labora- 
tories measured the casting’s resistance to shear static 
loads, bending stresses and dynamic stresses. Using 
these test results, designs were modified and die-casting 


dies built. 


While the auto maker conducted actual road tests with 
the die castings, we repeated the lab tests. Result: The die 
casting is 25% stronger in shear, 10% stronger in bend- 
ing, 100% better in fatigue life, costs substantially less 
than the cast-iron product. 





[ALCOA 


| ALUMINUM COMPANY OF AMERICA + 1805D GULF BLDG., PITTSBURGH, PA. 











Aluminum takes all finishes — any that other metals will take, 
plus anodic coatings possible only with Aluminum 





Aluminum is easy to plate by 
commercial processes 


lo simplify the plating of aluminum, Alcoa has de- 
veloped the zincate-bath method. A 30-second to 
l-minute immersion in this bath deposits a uniform 
layer of metallic zinc tightly bonded to the aluminum 
base. You can then plate with any metal and by any 


method compatible with zinc. 


The zincate bath consists of 525 grams 76 


caustic 
soda and 100 grams zinc oxide dissolved in water to 
make 1 liter. When suitably cleaned aluminum parts 
ire immersed in this solution, the aluminum oxide 
film immediately dissolves, exposing the underlying 
metal. Some of the exposed aluminum then dissolves 
and is replaced by an equivalent weight of metallic 


Zine 


A copper strike is applied over the zinc-immersion 
layer. The zincate-bath method is less critical than 
others used in plating aluminum and gives uniformly 


good results. 


If you need wear-resisting aluminum parts, 
you can give aluminum a “file hard” coating 


To make aluminum suitable for applications once 
monopolized by stronger, harder metals, Alcoa has 
developed a special anodized coating. In this process, 
an integrally bonded oxide film of controlled 
thickness and predetermined hardness is de- 


posited on aluminum parts. 


Applications for this coating include bearing 
races, pistons, moving joints, and any parts 
where light weight must be combined with 


high resistance to frictional wear and abrasion. 


For a complete story on aluminum’s remarkable 
affinity tor every type of finish and every com- 
mercial finishing method, write for a copy of 
the 64-page book, “Finishes for Alcoa Alu- 


minum,” 





BLDG., PITTSBURGH, PA. | 











Larger and more complex forgings are possible in aluminum than in any other metal. 
They compare favorably in strength with steel ...can weigh a third as much. 





Aluminum forgings, made by Alcoa, can combine 
strength and lightness to cut down dead weight that 
other structures must support. Can reduce vibration, 
inertia drag, bearing loads. Cut down wear and main- 


tenance ... lessen operator fatigue. 


Aluminum’s low elastic modulus provides several 
times the impact strength of mild steel. Aluminum 
forgings are used for vibrating parts, reciprocating 


parts, and other applications subject to repeated shock. 


Surfaces of aluminum forgings are clean and bright 
because no scale forms during the forging process 
rhis can eliminate finishing in many cases and, where 
protective coatings are called for, less surface prep- 
aration is needed. Since there are no surface irregu- 


larities, aluminum forgings develop high fatigue 


strength without the need for over-all machining. 


Where machining is needed, aluminum’s free-ma- 
chining characteristic permits high-speed operations 
with minimum machining costs. Because aluminum 
can be forged to close tolerances, there is less metal 


to remove, less scrap loss. 


With proper attention to design, aluminum forgings 
have uniform characteristics from piece to piece, with 
no internal flaws. This means you can design with 


lower safety factors than with other metals. 


Since the design of aluminum forgings has important 
bearing on costs and performance, Alcoa has pre- 
pared a new 168-page textbook for designers. Write 


for your free copy of “Designing for Alcoa Forgings.” 
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Almost any shape can be produced by Alcoa. Hollow, semi-hollow, solid... any form 
(within a 15-inch circumscribing circle diameter). 





siggest advantage of aluminum extrusions, made lo help you visualize the almost limitless possibilities 
Alcoa, is that they permit placement of the metal of aluminum extrusions, and to suggest ways in which 
where good design calls for it. Put it where stresses you can adapt your designs to them, Alcoa has pre- 
re greatest and where maximum strength is needed, pared a special booklet that’s yours for the asking. 
yet save metal as compared to roll forming or fabri- Write for it today on your company letterhead. Ask 


cating an equivalent section. for “Alcoa Aluminum Extruded Shapes.’ 


Here’s what the booklet contains: 


—a discussion of design and production 


advantages of aluminum extrusions 


— examples of aluminum extrusions that 
have increased strength and stiffness 


because of efficient metal distribution 


—examples of designs that have been 
simplified by the use of a single ex- 
truded shape to replace expensive 
built-up assemblies, castings, or ma- 


chining 


— illustrations of the way several extruded 


shapes can be combined to simplify 


i 


it. 
! 


assembly and reduce costs 


my 


—data on size and shape limitations, 
alloys, section thicknesses, tolerances, 


die costs 


— suggestions on modifying designs to 
utilize standard shapes for which dies 


already exist 
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Aluminum screw machine parts offer the de 


signer many interesting physical proper- 


ties. Their lighter weight can result in substantially lower costs. 





Because aluminum is light in weight, a pound of aluminum 
may produce three times as many parts as a pound of 
steel or brass... usually enough to offset any difference 


in material cost 


Because aluminum can be machined easily and at high 
speeds, your parts can cost less to make in aluminum. 
Speed of machining is often limited only by the speed at 


which your machines can be operated. 


Because aluminum is corrosion resistant, it is ideal for 
fittings and similar parts that are subject to corrosive 
conditions. Similarly, any aluminum components should 
be fastened with aluminum fasteners. This will prevent 


galvanic corrosion caused by contact of dissimilar metals. 


Aluminum machines to an excellent finish . . . often needs 
no protective coating. But, if you want further finishing, 
aluminum takes any commercial finish that can be applied 
to other metals — plus anodizing, that is possible only 


with aluminum. 
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Lightest of commercial metals, its direct substitution for other materials often provides 
important ways to reduce weight and increase strength, as this case history shows. 





Fruehauf Trailer Company Eliminates 560 Pounds 
of Dead Weight per Trailer with Light, Strong, 
Extruded Magnesium Floors 


Designed as extruded sections, with deep, multiple 


channels, this flooring has none of the disadvantages 
of wood flooring ... weighs 50% less, a saving of 
about 560 pounds in standard 30-foot trailer. In 
addition to light weight and high strength, it is free 


from splintering and warpage. It won't absorb water 
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Magnesium (continued) 


.-.is easy to keep clean and sanitary. It withstands 


the shock and abuse of lift trucks. 


By utilizing magnesium and aluminum in its trailers, 
Fruehauf has reduced over-all weight by nearly 1200 


pounds. 
Due to its extremely low specific gravity, magnesium 
structures can usually be made lighter than aluminum, 


and considerably lighter than steel. 


It can be cast, forged, extruded... joined by any 
method, including resistance welding and resin ce- 
ments. It is the easiest of all metals to machine. . 
can be machined at surface speeds impossible with 
other metals. Good housekeeping practices permit 


machining with complete safety. 


Alcoa offers a 330-page textbook called, “Designing 
with Magnesium.” You'll find it worth while to write 


for your personal copy. 
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OVEN COMPANY 


Kop Cuench inn less 
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TREATING FURNACE 


MINNEAPOLIS OFFICE: CHICAGO OFFICE 
619 S. E. 8th Street 7070 N. Clark Street 
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Aircomatic is a new metal arc welding process that per- 
mits high-speed welding of aluminum, of aluminum 
bronze and of stainless steel —in all positions... 

The process uses a bare wire electrode in coil form, 
continuously fed to the work within an inert gas shield. 
High current densities are used providing excellent 
penetration and high deposition rates, permitting weld- 
ing at speeds greater than ever before possible. 

Aircomatic welding has proved most economical... 
for its high deposition rate, in addition to permitting 
high travel speed, also makes possible fewer passes on 
heavy material, and faster, heavier deposits for overlay 
or build-up work. This means more weld per unit of 
arc time, whatever the job. Further, since the wire is 
bare and continuously fed through a shield of inert gas, 
electrode changes and slag removal interruptions are 
eliminated, thus permitting almost 100% arc time in 
using the high operating speeds. 
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..- Dempster Brothers, 
Incorporated of Knoxville, Tenn., makers of the nationally- 
known “Dempster-Dumpster” found Aircomatic welding 
cut their aluminum container manultacturing costs 
The other method was slow — cumbersome, and ran the 
cost exceedingly high. With Aircomatic the same container 
was produced — at a welding cost reduction of approxi- 
mately 16 man-hours. 


Another important feature of Aircomatic weldingisits 
minimization of distortion. This is due to its high speed 
operation (heat can be concentrated and moved rapidly 
along the work), plus the fact that a small amount of 
weld metal is all that’s required in most joints. 

The case studies on the opposite page show how this 
dramatic new welding process is helping others. While 
the facts and figures are startling, they could very easily 
be applied in your own shop .. . but find out for sure. 
Write ... or phone your nearby Airco office. Ask for a 
copy of ADR 66: “Aircomatic Welding Process”. 





. Martin-Quaid Co., of Philadelphia, Pa., 
used the New Aircomatic Process to reduce the time and 
cost of welding huge stainless steel cylinders used in the 
manufacture of carpets. They found this revolutionary 
process cut materials cost 25% ... and saved 41 hours 
working time over the old method — and, at the same time, 
greatly increased the quality of the finished product. 


... Griffin & Company, of Louisville, Ky., 
found Aircomatic’s high speed and the ability to make welds 
without interruption ideally suited to the fabrication of 
tanks for all-aluminum evaporative coolers. Production time 
and cost was cut to the minimum, and warpage and dis- 
tortion were completely eliminated. Thus far, the company 
has made hundreds of these tanks without a single leak. 





... Consolidated Welding and Engineer- 
ing Company, of Chicago, Ill., adopted the new Aircomatic 
process for welding aluminum separators. Immediately, 
major production and cost problems were solved: To weld 
one complete separator assembly took only 90 man hours 

about 1/5 the time of other methods 

Further, Aircomatic’s high current density and the at- 
tendant high welding speed confined the heating effects to 
the narrow weld-zone . .. completely eliminating distortion. 


...+ The Stewart-Warner Cor- 
poration, South Wind Division, Indianapolis, Ind., join the 
upper and lower halves of its “Safe-Air Gas Home Heater” 
with the completely new, high-speed Aircomatic Process. 
This time-saving, cost-cutting process skyrocketed produc- 


tion 71% ... and cut manufacturing costs in proportion. 


A new Aircomatic motion picture ‘The Tool For The Job” is available 
for specialized groups. Ask your nearest Airco office about showings. 
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SPENCER 
TURBO Is 


In many industrial operations the air supply is the heart of the 
equipment. For more than thirty years Furnace and Oven Manu- 
facturers have insured equipment performance by recommending 
Spencer Turbos. Today, more than 35 manufacturers of heat 
treating and foundry equipment specify Spencer. 


In addition, a growing list of builders of special machinery are 
incorporating Spencer Turbos in their designs. A few examples 
are listed at the right. 


There is nothing mysterious about this preference. The Spencer 
Turbo is a simple, light weight, all metal, quiet running machine 
with wide clearances and only two bearings to grease. It re- 
peatedly demonstrates repair costs of less than a dollar per 
machine per year. 


Standard sizes from 35 to 20,000 cu. ft.; 4 to 800 HP; 8 oz. 
to 10 Ibs. Single or multi-stage, two or four bearing. Special gas- 
tight and non-corrosive construction available. 


Young Bros., OVEN 


BY MANUFACTURERS OF 


DEHUMIDIFIERS 
DISHWASHERS 

FLOTATION EQUIPMENT 
FURNACES 

GAS BOOSTERS 

GAS MIXERS 

OVENS 

PNEUMATIC TUBE SYSTEMS 
SPRAYING MACHINES 


TECHNICAL BULLETIN No 
ASK FoR PATA BOOK No. 
GAS BOOSTERS No. 
THESE FOUR BEARING 
BULLETINS BLAST GATES 
FOUNDRIES 


THE SPENCER TURBINE COMPANY * HARTFORD 6, 
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Tumbling Barrels . . to Resist Corrosion and Abrasion. 
These barrels are subject to extreme wear from small! parts be 
ing cleaned by the swirling agitation of caustic solution and 
abrasives. For extra-long life, they are fabricated from wear- 
and corrosion-resistant Ampco Grade 8 sheet, carbon-arc welded 
with 5/32" Ampco-Trode 160 coated electrodes used as filler rods. 


Ampco Metal Cam . .. for Smooth Action, Ex- 
treme Wear-Resistance. Ampco Grade 20 selected 
because it actually outlasts hardened steel with twice 
the Brinell hardness. This is due to its extreme wear- 
resistance and the smoother action of bronze against steel. 
Also ideal for rollers, gibs, slides, wearplates, forming 
dies on light-gauge steel and welding jaws. 


Ampco Bushings ¢n High-Speed Headstock .. . for High 
Wear-Resistance. There are 16 Ampco Grade 18 Bushings 
in this one headstock: 14 on loose-running gears, 2 on the 
center bearing of the intermediate shaft and main spindle. 
Ampco Grade 18 chosen as ideal alloy because of the heavy 
gear loads and high spindle speeds. Extra life assured by high 
tensile (77-85,000 psi), and Brinell hardness of 159-183. 








Ampco Extrusions available as solid rod and/or tube in 
rounds or simple shapes. From Ampco’s own 2275-ton hy 
draulic press and extrusion mill. Their use saves metal, ma 
chining time, and costs. Superior grain structure and excep- 
tionally high strength are assured — plus close tolerances and 
good surface finish. 


Stock Bars of 

Grade 18 Ampco Metal 

... for Production and 

Maintenance where 

long life is important. 

Wear-resistant. Have exceptional impact and fatigue character- 
istics. Centrifugally cast to provide dense, fine grain structure 
free from impurities. Readily machinable. Ideal for bearings. 
bushings, gears, worm wheels, slides, guides and other wear 
applications. Available from stock in 12'2-inch lengths from 


2'2-inch to 6-inch OD. or solid bars '2” to 4'2” diameter, cut 
to desired lengths. 





Paper Mill Rolls .. Wear-Resistant for Longer Service. Cast Ampco Metal Pump Bodies . . . for Corrosion- 
Weight and wear are the usual problems in such rolls. Both Resistance. Ampco Grade 12 selected for its high resistance 
were licked in this case — with Ampco aluminum-bronze. Cen- to corrosion and wear (which is a special quality of all Ampco 
trifugally-cast Ampco Metal Grade A-3 provided a light, hollow Metals). Grade 12 also has the advantage of quick, easy seat- 
roller — resistant to both wear and corrosion. Shaft and end- ing for valve and pump parts. Meets Federal specification 
plates were cast of the same alloy and welded to the roller QQ-B-67la, Class A, and Navy specification 46-B-18c, 

with corrosion-resistant Ampco Trode 10 electrodes. 





Zs Life --Lower Costs 
th AMPCO Bronze Parts 


Specify Ampco aluminum bronze for 


these unique, money-saving properties: 


1. High tensile strength $. High “strength to weight” ratio 
2. High compressive strength 6. Resistance to wear and corrosion 
3. High impact and fatigue values 7 Good retention of values at 
4. Excellent bearing qualities temperature extremes 


It pays to use Ampco aluminum bronzes wherever you can. These 
long-wearing bronze alloys assure longer life and better service for 
almost any part — reduce maintenance and replacement frequency, 
cut downtime losses to a minimum! 


First of all, be sure to specify Ampco bronzes for your own products. 
They're a mark of extra-quality which all buyers recognize. By the 
same token, look for Ampco bronze parts as a mark of extra-value in 
the equipment which you buy. And of course, use Ampco bronze re- 
placements in your own plant maintenance to reduce dowhtime, service 
and repairs, and to insure low-cost. trouble-free operation. 
ma anircansaeatiee i at a Make Ampco Bronze Parts a “must” in every plan — product or 
thio bn & vested) of quate te teed production. That way you're sure of lower costs. Send for complete 
your exact requirements in any form information today. H 
you need: rolled sheet or plate, sand 
iconed ck tom ieletiamnanate Free... ate Teas out this coupon and mail teday! 
ing electrodes. and corrosion-resistant Cost-cutting infor. cele; cacaceeied ; 
conuilegal pumgs end plug valves. mation! Tear out Ampco Metal, Inc., Dept. MP-4, Milwaukee 46, Wis, 
this coupon ond 


Send me your free Bulletin giving full details of cost-saving physical 
mail today properties of Ampco aluminum-bronze alloys 


Name Title 


<{lJx> Ampco Metal, I: Inc. nee 


Milwaukee 46, Wisconsin Company Address 
West Coast Plant Burbank, California City 





here’s a simple device 


to locate 


almost any kind 


of leak 


NEW DPi 
LEAK DETECTOR 


MODEL LD-Ol 


All you do is seal the sensitive element into the system being tested 
and bring the interior a little below atmospheric pressure. Then you 
direct a small jet of harmless Freon Gas at suspected spots and watch 
the meter. It’s as simple as that, and sensitivity is high enough even 
where one-millionth of atmospheric pressure is to be maintained 


It works like this: The sensitive element contains a heated platinum 
anode and a cold cathode with relatively low voltage between them 
The tendency of hot platinum to emit positive ions is enormously 
stimulated by infinitesimal traces of halogens or their compounds 

The circuit to accomplish all this uses only three standard radio tubes 
and operates from your 115-v a-c lighting circuit. 








For full information write Distillation Products Industries, Vacuum 
Equipment Department, 753 Ridge Road West, Rochester 3, N. Y 
(Division of Eastman Kodak Company) 


high vacuum research 





and engineering 





Alse . 


.. high vecuum equipment. . 


. distilled monoglycerides . . . more than 3400 Eastman Organic Chemicals for science and industry 





STRAIGHT TALK 
FROM A STEELMAKER 


Let’s be honest about it. 


Here at Wisconsin Steel we are produc- 
ing every ton of steel our furnaces can turn 
out—and we're working round the clock 
to do it. Yet we still can’t always meet the 
steel requirements of all our customers. 


But we can and will continue to produce 
steel as fine as strict metallurgical control 
can make it. And we can and will continue 
to be completely honest about our ability to 
deliver. When we promise delivery, you 
can be sure your order will be shipped as 
promised, and you can be sure there will 
be no compromise in quality. 


The pressure of defense demands may 
not permit us to serve you the way we try 
to in normal times. We feel sure you will 
understand. 


Bl WISCONSIN STEEL COMPANY, affiliate of 





INTERNATIONAL HARVESTER COMPANY 


INTERMATIONAL 180 North Michigan Avenue, Chicago 1, Illinois 


HARVESTER 


WISCONSIN STEEL 
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Temperature Fuel 
Record Rate 


Position - proportioning 
a ontrol with automat 
ag reset... Electr-O-Line 
= 


Electric Proportional Control Relay 
With Automatic Reset 








The Electr-O-Line delwers 


modulated 











% 
Bie: tr-O-Line and Electr-O-Pulse proportional 
control relays provide the sensitivity and accu 
racy required for the most critical control prob- 
lems. The control adjustments are totally 
independent of each other, an exclusive feature. 





Thus, when one control adjustment is changed, 
Temperature the others are not upset. The relays are designed 

Record to withstand severe industrial conditions, and 
are unaffected by vibration compact unit 


‘ . construction makes for easy installation and 
~ sonia orel service. Both are available mounted integrally 
| with aut with the ElectroniK proportional controller, or 


reset... Electr separately for modernizing existing installations 
Electric Proportional Control Relay O-Pulse. both produce the same straight line control 
With Automatic Reset Your local Honeywell engineer can give you 
recommendations for control systems utilizing 
¢ Electr-O-Pulse delivers an intermittent full heat inpu h is modu these relays, or any other type of control, to suit 
. e time bas t pr rement your specific requirements. Call him in today 
he is as near as your phone 








MINNEAPOLIS-HONEYWELL ReGuLator Co., 
Industrial Division, 4503 Wayne Ave., Phila 
delphia 44, Pa. Offices in more than 80 principal 
cities of the United States, Canada and through 
out the world 











BROWN INSTRUMENTS 
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Up to 35% 
greater production, 
much longer tool life 


with 


GULF “LASUPAR”’ 
and “ELECTRO” 
CUTTING OILS 


Why have users of the new Gulf sulphurized cutting 
oils been able to step up feeds and speeds on tough ma- 
chining jobs? Because, thanks to a special Gulf process 
of combining sulphur, Gulf Electro and Lasupar Cut- 
ting Oils provide greater sulphur activity over the en- 
tire range of a cutting operation. 

This intensified chemical action insures better pro- 
tection for the tool at elevated production rates—helps 
reduce built-up edge, prevents chip welding, prolongs 
tool life. 

Because Gulf Electro Cutting Oil contains a larger 
percentage of this extremely active sulphur ingredient, 


YEARS OF Sep) . 
“ 
@® ifs 


| PETROLEUM AND ITS PRODUCTS | 

















it is recommended for the toughest machining jobs, 
where production and tool life are problems. 

Gulf Lasupar Cutting Oil also contains stable sul 
phurized fatty oil, effective in producing the fine fin 
ishes for which this quality cutting oil is so well known 

Operators everywhere welcome the new Gulf Lasupar 
and Electro Cutting Oils—because they get all these 
production advantages without the disagreeable odor 
ordinarily associated with sulphurized cutting oils. 

Call in a Gulf Lubrication Engineer today and arrange 
to use these outstanding oils in your shop. Or send the 
coupon below for additional information. 


Gulf Oil Corporation « Gulf Refining Company 
4.SZ Gulf Building, Pittsburgh 30, P 


Please send me, without obligation, a copy of each of your new 
pamphlets “Gulf Lasupar Cutting Oil, Gulf Electro Cutting Oil 


Name 
Company 
Title 


Address 
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“Forgings by Finkl” ...a byword in the industry . . . the best obtain- 
able. “Forgings by Finkl” means that skilled craftsmen, employing 
modern methods and machinery, have selected the best steel for the 
job and created the best job from the steel. And to doubly insure long 
life and economical performance, each step in the development of 
the forging is thoroughly checked metallurgically. Nothing is taken 
for granted. 

A medium size forging, illustrated above, is the top head for a 
2,000 ton hydraulic press. It is made of C-1045 steel, normalized and 
drawn in one of Finkl’s heat treating shops. Forged from a 59” ingot, 
the rough machined forging shown weighs 22,800 pounds. Whether 
carbon or alloy steel, the Finkl organization can easily handle any 
job from a few pounds up to 50,000 pounds apiece. 


Write or phone when you are ready to talk about or plan your 


forgings. The experience of Finkl Sales Engineers is available to you. 


MANUFACTURERS OF THE LARGEST FORGINGS IN THE MIDDLE WEST 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVENUE + CHICAGO 14 


DIE BLOCKS & INSERTS « PISTON RODS & RAMS « SOW BLOCKS « CRANKSHAFTS 
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CAMERA MICROSCOPE: A univer- 
sal camera microscope for metallur- 
gical work, said to be the most 
compact and easiest to operate equip- 
ment of its kind, is being distributed 


William J. Hacker & Co., Ine. It 
has a built-in camera and a magnifi- 
cation of from 4.5 to 2200 times. 
Among the outstanding features of 
this instrument are instant change- 
over from bright to dark field illumi 
nation, instantaneous transition from 


visual observation to photography and 


from ordinary to polarized light. 
Methods of illumination include verti- 
field), internal 
(bright field), flat oblique multilateral 
(dark field), and unilateral external 
(dark field). 

For further information circle No. 266 
on literature request card on p. 480B 


cal (bright oblique 


SQUARING SHEAR: A shear with a 
capacity of 20 ft. of %-in. mild steel 
plate is the latest addition to the line 
manufactured by The Cincinnati 
Shaper Co. Believed to be the longest 
1-in. shear ever built, this machine 
135,000 lb. and has a 
speed of 20 strokes per minute. It is 


weighs over 


equipped with hydraulic hold-downs 


capable of exerting a force of over 70 
tons. The shear has a 24-in. throat o1 
gap and a 48-in. back gage range. 

For further information circle No. 267 
on literature request card on p. 480B 


PIPELESS PRESS: 


a new principle in 


Development of 
hydraulic press 
Elmes 
Engineering Div., whose new metal 


construction is announced by 


working presses contain no piping in 
All high 


pressure fluid is conducted through 


the main hydraulic circuit. 


short, direct passages drilled in the 
structural parts. Exceptionally smooth 
and shockless operation virtually elim 
inates vibration. Any Elmes hydraulic 
metalworking press can be supplied 
with pipeless construction. 

For further information circle No. 268 
on literature request card on p. 480B 


HEAT TREATING FURNACE: A 
new semi-automatic controlled atmos 
phere unit for bright heat treating, 
rated at 100 lb. per hr., has been an 
nounced by Ipsen Industries, Ine. 
Maximum operating temperature is 
2100" F. The unit consists of a fur 
nace sealed to a combination cooling 
chamber and quenching tanks. The 
work is manually loaded into the fur 
nace and the transfer from furnace 
to cooling or quenching section is done 


without breaking the atmosphere seal. 
The furnace is electrically heated, 
16-kw. input. The 
cooling chamber is water jacketed, 
with automatic temperature control. 
For further information circle No. 269 
on literature request card on p. 480B 


using 8 bars for 


ATTACHMENTS FOR LAPPING: 


Two new attachments for the Crane 


Packing Co. Lapmaster enable 
users to speed production and sim 
plify certain 


handling of types of 


parts. These developments, the “roller 
bar” attachment and pneumatic lifts, 
permit a wider range of lapping work. 
The roller bar attachment (see cut) 
was designed primarily to facilitate 
loading and unloading of tall or large 
parts. Complete accessibility of the 
lap plate is afforded, height of parts 
is unlimited, and large heavy castings 
lap of their own weight. 

For further information circle No. 270 
on literature request card on p. 480B 


RECORDER: A new Speedomax elec 
tronic recorder announced by Leeds 
& Northrup Co range 
continuously adjustable over a 20-to-1 


features a 


ratio, and zero suppression adjustable 
over more than twice the maximum 
range. Through use of a particular 
suppressed zero range, an operator 
can ignore that portion of the range 
in which he is not interested, while 
he spreads the few millivolts he wants 
to watch across the entire width of 
the instrument chart Adjustable 
range permits the user to select his 
own scale calibration at will. 


Some typical measurements in 
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clude: (a) measurements with strain 


gages, (6b) temperature difference 
measurements with thermocouples and 
(c) speed measurements. Calibrated 
d-c millivoltage range is adjustable 
from a minimum across-chart span of 
1.1 mv 


«— MV. 


to a maximum range span of 
Uncalibrated coarse and fine 
rheostats provide maximum Zero sup 
pression of 50 or +50 mv., contin 
iously adjustable between these limits 
These adjustments are independent. 
Range remains constant during zero 
adjustment; zero suppression remains 
constant during range adjustment. 

For further information circle No. : 

on literature request card on p. 48¢ 


HARD-FACING ROD: The Alloy 
Rods Co. has announced a new oxy 
acetylene welding rod for hard facing 
It is centrifugally cast, consisting of 
wear-resistant chromium carbides con- 
tained in a hard iron-chromium-man 
ganese alloy matrix. Hardness of 
deposited metal is Rockwell C-56 to 58. 
For further information circle No. 272 
on literature request card on p. 480B 


POLISHING 
newly developed 
attachment which is universally ad 


AND BUFFING: A 


polishing-belt arm 


justable from horizontal to vertical 
positions has proved unusually effe 


tive In a new 40-in. rotary automat 











Write fo 
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Eclipse Fuel Engineering Company 
Bulletin NI 727 South Main St 


PRESSED STEEL 
POTS ror reas, 


Salt, Cyanide, 
Oil Tempering, 
Metal Melting. 


Pressed Steel means 
Dependability. 


Eclipse Pressed Steel Pots are seam 
less formed from +,” firebox plate 
They are uniform in quality, relatively 
light in weight. Thirty-odd years of 
service has proved them ideal for all 
heat-treating operations and for the 
melting of lead base alloys. They 
offer dependable long life, freedom 
from sudden failure, higher strength 
at elevated temperatures, marked 
savings in fuel costs, increased pro 
juction and immediate availability 


Representatives in all Principal Cities 


| McKee 
Eclipse 


Rockford, Illinois 





polishing and buffing machine ar 
rangement developed by Acme Manu 
facturing Co. The machine shown is 
a six-station indexing rotary with 
four Acme adjustable floating head 
buffing lathes equipped with the new 
polishing-belt arm attachment. The 
machine has a l-sec. indexing inter 
val, the same as all Acme indexing 
rotaries. 

For further information circle No. 273 
on literature request card on p. 480B 


METAL SPRAYING: A_ new 


praying gun, designed especially for 


metal 
coating shafts, rolls, or machine ele 
ment parts from a lathe mounting, 
has just been introduced by the 
Metallizing Co. of America. This gun, 
called the Mogulectric, weighs 20 lb., 
is designed principally for stationary 
operation, and is powered with a 
1/20-hp. constant-speed induction mo 


tor, assuring a uniform wire speed 


that can be adjusted to the type of 
metal being sprayed. With it, a spray 
one-half to 
two-thirds less time than is possible 


job can be completed in 


with any air-driven metal spraying 
unit. Speed is rated up to 18 lb. per 
hr. for aluminum and nickel, up to 80 
lb. per hr. for zinc. Only one adjust- 
ment is necessary that of the vari 
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able speed indicator which is regulated 
according to the metal being sprayed 
Gas requirements are minimum. 
For example, when spraying *s-in. 
stainless steel, the Mogulectric uses 
44 cu.ft. of acetylene and 68 cu.ft. of 
oxygen per hr. The air used to atom- 
ize and carry the metal to the surface 
being coated is 16 cu.ft. per min. at 
45 lb. pressure. 
For further information circle No. 274 
on literature request card on p. 480B 


NIBBLING MACHINES: Campbell 
Machine Div. has announced a new 
line of nibbling machines, which will 
cut odd shapes of ferrous and non- 
ferrous metals quickly, cleanly and 


inexpensively. Campbell nibblers cut 


® 
t 


ec 


bi 


from 40 to 60 times faster than drill 
Work can be fed 
equally well in any direction because 


ing and filing 
it is cut with a rapidly moving circu- 
lar punch which operates over a cir 
little 
finishing and intricate shapes can be 


cular die Pieces need very 


The model shown will cut 
% in. thick and 


cut easily. 
low-carbon steel up to 
stainless up to % in. 
For further information circle No. 275 
on literature request card on p. 480B 


POLISHING HEAD: A new portable 
brush-backed polishing head has been 
developed by the Vonnegut Moulder 
Co. The head consists of two princi- 
pal parts: an outer shell or drum, 
holding sixteen replaceable brushes, 
and a center spool on which are coiled 
sixteen strips of abrasive cloth. In 
operation, the brush bristles force the 
abrasive tips into depressions and also 
allow them to ride over projections of 
This ability 
irregular surfaces instead 
of reshaping them makes the head 


the workpiece surfaces. 
to follow 


well suited for finishing operations on 
Since 
an entirely different set of results may 


all classes of shaped surfaces. 


be obtained with the same head, sim 
ply by changing the grade and grit of 
abrasive strips used, its applications 
are broad. 

For further information circle No. 276 
on literature request card on p. 480B 


DUCTILE BISMUTH WIRE: Fitz- 
patrick Electric Supply Co. announces 
the successful production of ductile 
bismuth wire and ribbon. The com- 
pany has bismuth ductile enough to 
wind on its own diameter at room 
temperature. The possibilities of de- 
velopment in the control and instru- 


ment fields by the use of ductile 
bismuth are great. Bismuth is stated 
to offer the following characteristics 
in excess of other materials: (a) re 
sistance change in a magnetic field, 
(b) voltage change due to the Hall 
effect, (c) variable rectifier in fact, 
the only variable rectifier known, (d) 
hot and cold junction for instrumen 
tation, (e) most negative material 
known for thermocouples, and (f) the 
best material for resistance change 
due to temperature change for instru 
ment control. 

For further information circle No. 277 
on literature request card on p. 480B 


THORIATED TUNGSTEN: A_ new 
tungsten electrode which will reduce 
inert-are welding costs has been an 
nounced by General Electric Co. Major 
applications will be for  inert-are 
welding with direct current, straight 
polarity, using either argon or helium 
gas. The new electrode will produce 
a stable arc over a wider range of 
currents and will resist contamina 
tion by weld metal, resulting in over 


ten times normal life. The are tends 











vidual requirements. 
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THERMOCOUPLE ASSEMBLIES 


Correct temperature readings of your heat treating 
operations must begin with dependable thermocouple 
equipment. Start off right by equipping your furnaces 
with Thermo Electric's Wire Type lron Constantan or 
Chromel Alumel Thermocouple Assemblies. Furnished 
in many sizes, straight or angle types with suitable 
Protection Tubes and Connectors, to meet your indi- 


Consult us on any of your thermocouple require- 
ments, Standard or Special—Or write for our 





Thermo Electric rar wwn 


————_ CS 


NEW JERSEY 
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to stay under the electrode and will 
not wander or climb up the electrode 
at low currents, assuring consistent 
ease of operation. Touch starting is 
easily accomplished with currents as 
low as 5 amp. The new electrode is 
manufactured in 3 to 24-in. lengths 
and from 0.040 to %-in. 
It is not recommended as a standard 


diameters. 


tungsten replacement for reverse 
polarity d-c, a-c welding, or atomic 
hydrogen welding 

For further information circle No. 278 


on literature request card on p. 480B 


DEEP DRAWING COMPOUND: 
Pillsbury Chemicals announces a new 
compound for deep drawing of a wide 
variety of steel. It also draws alumi- 


num efficiently. Nonpigmented and 


water soluble, the new No. 527 is eas- 
ily diluted, can be mixed to any con 
sistency quickly and usually exceeds 
pigmented compounds in efficiency. It 
is being used successfully “ahead of 
porcelain”. Any type of cleaner can 
be used to remove the compound. 

For further information circle No. 279 


on literature request card on p. 480B 


MULTIPOINT RECORDER: Wheelco 
Instruments Co. is now in production 
on a new multipoint Capacilog. The 
electronically operated unit is a 
deflection-type strip chart recorde 
which provides up to six permanent 
records on one chart. Measurement 
may be obtained with sensing units 
producing electric signals, such as 
thermocouples and radiation detectors. 
This deflection-type system is a direct- 
reading, nonbalancing method which 
achieves results heretofore obtainable 
only through the use of potentiometric 
or null-type 
4 of 1% of seal . 


For further information circle No. 280 


Systems (accuracy to 


on literature request card on p. 480B 
SILICONE FINISH: A new heat-re 
sistant finish, Sicon, formulated from 
a silicone base, exhibits unusual sta 
bility at temperatures as high as 
1000" F., 
turer, Midland Industrial Finishes Co. 


according to the manufac 


Sicon has been proved on the produc 


tion line for such products as industrial 


furnaces, heating units, incinerators, 


and similar products; and it is ree- 








Stainless Steel sizes made to 
order in production quantities. 


OHIO WELD NUTS 


For economical Spot Welding 


Ohio 
SN Spotweld Nuts 
No retapping required! 


Thread sizes in stock 
(Low Carbon Stee!) 


No. 6-32 to 34-24 





25 FIRST AVE. 





For dependable Projection Welding 


Ohio 


WS Square Weld Nuts 
Thread sizes in stock 


(Low Carbon Stee!) 


No. 6-32 to 1-20 


No retapping required! 
No burning or discoloration! 


For samples and welding information, send to 


THE OHIO NUT & BOLT COMPANY 


BEREA, OHIO 
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ommended by the manufacturer for 
protecting and preserving the sur 
faces of a wide variety of other prod 
ucts where ordinary heat-resistant 
finishes fail, such as 
pipes, 

engine boilers, aircraft 


mufflers, tail 
exhaust stacks, motorcycles, 
parts, elec 

trical equipment, and high-tempera 
ture processing equipment 

For further information circle No. 281 
on literature request card on p. 480B 


PLATING CYLINDER: The Hansor 
VanWinkle-Munning Co 


the development of a new cy 


announces 
linder for 
barrel plating, made of Plexiglas, 
which is suitable for either cyanide or 
acid solution and can be carried 
through the entire cleaning, pickling 
and plating cycle. Only high-tempe1 
ature Plexiglas, satisfactory for tem 
peratures of 185" F., is used. 

For further information circle No. 282 


on literature request card on p. 480B 


MOTORIZED TORCH HOLDER: A 
motorized torch holder for remote cor 
trol raising and lowering of cutting 
torches through 5 in. of travel ha 
Reductior 


witch box 


been announced by Air 
Sales Co. Remote control 
provides a switch to actuate each 
four torches individually and a mastet 
witch for simultaneous control of 
The holder car 


tioned vertically, 90° left or 


four torches. 
parallel to the longitudinal axis of 
torch bar, and with an adaptor car 


forward perpendicular 


positioned v0 
to the horizontal axis of the torch bar 
For further information circle No. 283 


on literature request card on p. 480B 


PRESS BRAKE: The Airtherm 
ifacturing Co. announces the ad 
of a new model to their line of powet 
Model 1510 


bending of longer lengths of lighte 


press brakes enables 
metals t 10 ft. of 18-gage mild 
teel, 

For further information circle No. 284 
on literature request card on p. 480B 


ELECTRIC FURNACE: 


tric furnace for heavy-duty heat treat 


A new elec 


ing work has been announced by 
Pereny Equipment Co. Over-all size 
i i344 In. wide, 39% in. long, and 
64 in. high; with a loading area 18 ir 
wide, 24 in. 18 in. high 


Heating elements are of silicon car 


long, and 


bide type; maximum connected load is 


34.5 kw.; operating current, 220 volts 
}-phase 
For further information circle No. 285 


on literature request card on p. 480B 
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Stainless Steel 
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Strain Gage 
Tempilstiks 


Testing 


Thermocouples 


- Tool Steel 


Tubing 


Tubing, Stainless Steel 
™ wed ¢ ; 


Turbo Compressors 


Welding 
Welding 


Welding Electrodes 


Welding, Oxy-Acetylene 


z 


Welding Stainless Steels 





Designed for Durability! 


Hoskins Chromel*-equipped Electric Heat Treating Furnaces 


Take a good look inside any Hoskins Electric Furnace and you'll quickly 
understand why they're known for dependability. For beneath their sturdy 
rugged external construction . .. inside their heavy heat-containing insula- 
tion ... you'll find that every one is equipped with long-lasting heating TYPE FR-251 
elements made of CHROMEL resistance alloy. 8OX FURNACE 


CHROMEL, you know, is the original nickel-chromium alloy that first 
made electrical heating practical. It’s highly resistant to oxidation 
possesses close-to-constant “hot” resistance between 700° and 2000° F., 
delivers full rated power throughout its long and useful life. And, as the 
most vital part of every Hoskins Furnace, it represents your best assurance 
of long-life satisfactory service. 


So next time you're in the market for good, dependable heat treating 
equipment . . . equipment designed for durability, efficient low-cost 
operation, and the production of uniformly high quality work . . . you'll 
do well to get the facts on the Hoskins line of CHROMEL-equipped 
Electric Furnaces. 


f TYPE OR-104 
Our Catalog 59-R contains complete information ... want a copy? . POT FURNACE 


HOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVE . DETROIT 8 MICHIGAN 


NEW YORK . CLEVELAND e CHICA 


West Coost Representatives in Seattle, San Francisco, los Angeles 
in Canodea Walker Metal Products ltd w 


kerville Intaric« 
® 


*the o kel-chromium resistance alloy that first made electrical heating practical 
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Titan Metal Manufacturing Company produces a wide range of brass 
billets for extrusion purposes, made from 80 different alloys, in this 


battery of induction melting furnaces lined with Tay 


lor Sillimanite 


TAYLOR 


Sillimanite 
teams with 


Titan 


The Titan Metal Manufacturing Company, Bellefonte, 


Pennsylvania, major producer of first-quality brass 
and bronze products, has standardized on Taylor Silli- 
manite No. 217 “Ajax’’ Ramming Mix for forming the 
secondary blocks of their Ajax-Wyatt induction fur- 
naces. Comparative tests have proved to Titan that 
(TASIL) 


and increased furnace production. A recent annual 


average for all of their TASIL linings amounted to 


Taylor Sillimanite gives longer lining life 


Exclusive Agents in Canada: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 
Hamilton and Montreal 


for cost-cutting 
production of 
brass and bronze 


4,000,000 pounds of yellow brass per lining 

You'll hear the same story whenever comparative 
tests are made. TASIL No. 217 Ramming Mix was 
designed solely for forming the crucible section and 
secondary blocks of low frequency induction furnaces 
melting yellow brass and high copper alloys. It is 
known for low permeability—high refractoriness— 
good ramming properties and high density. Test TASIL 
No. 217 Ramming Mix in your plant 


Refractorers to industry since 1864. 


MANUFACTURERS OF "REFRACTORIES e CINCINNATI « OHIO « U.S.A 
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Now, more than ever before, America must 
make full use of its steel-making capacity and 
conserve its natural resources. Now, more 
than ever, there is national significance in the 
phrases, “Make a ton of sheet steel go farther” 


and “Make your product last longer.” 


These low-alloy, high-tensile steels do “make a 
ton of sheet steel go farther”—for their inher- 
ently higher strength is 50% greater than mild 
carbon steel. That means, in turn, that 25% 
less section can be used with safety, and where 


rigidity is important, this can usually be 


compensated for through slight design change. 


“Make your product last longer” is no idle 
claim. The much greater resistance of 
N-A-X HIGH-TENSILE to corrosion, abrasion, 
and fatigue assures longer lasting products 
even at reduced thickness. 

Explore the potential economies to be derived 
from the use of low-alloy, high-strength steels— 
and then specify them. Their use can add mate- 


rially to our national conservation program. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alloy Division, Ecorse, Detroit 29, Michigan 


NATIONAL STEEL ~ 
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ZIRCONIUM 
METAL 


in the form of 


Sponge and Briquettes 


with the following analysis 


Zirconium ... 98.8 to 99.6% 


(by difference ) 


Oxygen .... 0.1 to 0.2% 


( estimated ) 


Nitrogen .... .02to .10% 

2 to .8% 
Chromium ... .02to .10% 
Nickel Ol'to .02% 
Silicon 02 to .10% 


Write our New York Office for detailed information. 3%" diameter 
briquettes are furnished from %” to 3” in height with bulk density of 160 to 190 Ibs. per 
cu. ft, The sponge will be %” and down with a maximum of 15% through a 10 mesh screen. 


TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office: 11] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA FALLS, N.Y. 
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NE| W: UPER QUENCH oM.. 


. + - GIVES YOU TRIPLE ACTION! 


Mineral intensifiers give Park 
Triple A Oil faster quenching speed 
through the critical range, resulting 
in faster and deeper hardening. 


LESS DISTORT) Gy) 


Because the vapor stage of Park 
Iriple A Oil is suppressed, cooling 
is slowed through hardening range, 
thereby minimizing distortion. 


BRIGHT QUENCHING 


Special anti-oxidants used in Park 
Triple A Oil give it greater stabil- 
ity for longer life and bright 
quenching properties. This is im- 
portant when work is quenched 
trom carbo-nitriding furnaces. 


For Hot Oil Quenching up to 450° F use Park Thermo 
Unretouched photographs of precision parts quenched from a carbo . : 
nitriding furnace in Park Triple A Quench Oil. From left to right are Quench Oil. Send for Bulletin No. F-7. 
parts quenched the first day, 30 days later, 60 days later, and 90 days 
later. Bright and clean after over 3 months use with no indication of 
reduction of surface cleanliness 





For These Critical Times... 


Now more than ever you will need Park Triple A Quench Oil 

. with steels of critical hardenability due to lean alloy content 
and parts manufactured under government contracts, you can't 
afford costly rejects due to rigid inspection. Get the most from 
your quench oil — get Park Triple A Quench Oil today and save 
on critical material and expensive rejects. Send for Bulletin No. 
F-8 today, for complete information. 
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FABRICATED ALLOYS 





ARTICULATED TRAYS for highes?f resistance 
fo WARPING...UNDER EXTREME TEMPERATURES 


The photograph above shows an installation of furnace bars prevent scoring of furnace rolls 


flexible con 
trays built by Rolock for National Stamping Company, 


struction eliminates warping and cracking. Handles at 


Detroit, Michigan. They are used in a General Electric ends also serve to index cover screen for small parts 


roller hearth furnace operating at 2050 degrees on 
copper brazing and at 1600 to 1800 degrees on bright 


innealing 


7 he carefully che cke d pe rformance proves the HMNpor 


tance of job-engineered design for a specific condition 


If you are experiencing tray troubles... short service 


life cracking warping ask Roloc k engineers tor rec 
bars, to avoid catching on roll guides, gives optimum ommendations 


performance with loads 100 Ibs. and over. Hot rolled 


Flat bar construction of the 60 lb. trav with bent outer 


We can cut your heat-hour costs and 


improve processing. Catalog and Bulletin on request 


Offices in: PHILADELPHIA * CLEVELAND © DETROIT * HOUSTON * INDIANAPOLIS * CHICAGO © ST. LOUIS * LOS ANGELES © MINNEAPOLIS 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


- Ps. race 
Qa ciGia Tia ibe 


Easier Operation, Lower Cost 
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HYDRAULIC 


PRESSES 


for 
Arthur Colton Company*, America’s oldest 


builder of rotary and single punch presses, FABRICATING POWDERED METALS 


and plastic preforming presses, is now 


building Colton-Haller Hydraulic Presses RE-SIZING POWDERED METAL PARTS 
in capacities of 25, 40, 100, and 125 tons. PREFORMING IN PLASTICS 


(Proposals on higher tonnages on request.) 


These presses, for fabricating and sizing 
powdered metal parts, incorporate original 
developments which are protected by 
many patents, granted and pending, in 
the United States and abroad. 


If interested in the economy, precision, 
strength, uniformity and versatility of 
powdered metal fabrication, we invite 
your inquiry. 

*Arthur Colton Co. recently became a division of 


Snyder Tool & Engineering Co., outstanding builder of 
special machine tools. 








ARTHUR COLTON COMPANY 


Specialists in Press Building for 65 Years 


Div. SNYDER TOOL & ENGINEERING CO. «+ 3415 E. Lafayette + Detroit 7, Michigan 


Offices in Principal Cities 
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Republic Metallurgical Service 
helps leading bearing lhe 30 A 


cast IN HEAT TREATMENT COSTS 


fa. 











When you can take a top-quality precision bearing, improve the 
quality still further—and cut production costs in the process — there's 
sure to be an interesting story involved. 


In this case, it’s the story of many months of close cooperation between 
the metallurgical staffs of a leading roller-bearing producer and 
Republic Steel. It's a story that may be summarized like this: 


Having determined that no appreciable advantages could be obtained 
from a change in alloy steel analyses, Republic's Field Metallurgist 
recommended a change in heat treatment cycle. The change was made. 
After a thorough testing period, the following benefits were noted: 


1. Furnace time required for carburizing — substantially reduced. 
2. Re-heat treat— almost completely eliminated. 
3. Parts distortion resulting from heat treat— also reduced. 


Asa result, overall heat treatment costs were reduced by approximately 
30°7 ... grinding time of carburized parts was effectively lessened . . . 
bearing quality was further improved. 


Perhaps you, too, are using the right analysis of alloy steel, but could 
profit through more efficient processing of that steel. 


Republic — world’s largest producer of alloy and stainless steels — 
offers you the confidential services of its 3-Dimensional Metallurgical 
Service without cost or obligation. Write, wire or phone. 


REPUBLIC STEEL 
CORPORATION 


Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES © CLEVELAND 1, OHIO 
Export Dept.: Chrysler Bidg., New York 17,N.Y. 


..combines the exten- 
Sive experience and co- 
ordinated abilities of 
Republic's Field, Mill 
and Laboratory Metal- 
lurgists with the knowl- 
edge and skills of your 
own engineers. It has 
helped guide users of 
Alloy Steels in count 


less industries to the cor- 
rect steel and its most 
efficient usage, IT CAN 
DO THE SAME FOR YOU, 





Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Aircraft Landing " 


Gear That Would 
Not Meet 


For speedier, more dependable 
quenching, use — 


HOUGHTO-QUENCH 


@ Your quenching layout may be 100% efficient . . . or 
it may need checking. Your steel may be right for the 
job, or getting leaner in alloy content. In either case, 
the wrong kind of quenching oil can jeopardize the heat- 
treating results you need today. 
With Houghto-Quench, formulated in Houghton labo- 
ratories solely for quenching, you'll have no worries on 
that score. Here is a stable oil that absorbs heat faster. It 
maintains uniform quenching speed regardless of bath 
temperature. It is ideal tor speedy deep hardening. 
Get the complete story on Houghto-Quench, and how 
it is backed by an engineering service that goes right 
down the line for you... . helps solve the tough quench- 
ing problems you may have today with low-alloy steels. 
See the Houghton Man, or write direct to E. F. Houghton 
& Co., Philadelphia 33, Pa. 


HOUGHTO-QUENCH...a product of 


Ready to give you 
on-the-job service... 
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RECISION’S the thing at the 

Lester Micrometer Company, 
Cleveland, Ohio, and a good example 
of it is their V-notch Adjustable 
Micrometer. The extreme accuracy of 
this instrument depends on the pre- 
cise spacing of the V-notches. And 
the micrometer spacer must maintain 
a Certain accuracy between the anvils. 
Finding a steel that would permit and 
maintain this precision posed a prob- 
lem. The right steel for this job would 
have to: 1. retain its initial accuracy 
over a long period of years, 2. gi 
minimum distortion from heat treat- 


ing, 3. machine easily and 4. assure 
excellent welded characteristics for 
strength. 

After experimenting with other 
steels, the engineers found the answer 
in Graph-Mo steel. Graph-Mo did 
not change size in aging, did not 
warp or crack during heat treating, 
machined easily and allowed ductile 
welds that did not develop cracks 
under shock loading. 

Because Graph-Mo contains free 
graphite, it machines fast and easily 
to close tolerances. It hardens uni- 
formly with minimum distortion and 


YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH 





complete range of stainieas 


gives an extremely fine finish after 
polishing. And due to diamond-hard 
carbides in the structure, it offers un 
usually stubborn resistance to wear 
and abrasion. 

Graph-Mo is one of four Timken* 
graphitic tool steels widely used in 
gauges, dies, machine parts and other 
applications. For further information, 
write for the enlarged 9th edition of 
the Timken Graphitic Steel Data 
Book. The Timken Roller Bearing 
Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: 
“TIMROSCO”. 


including hot rolled and cold finished alloy 


graphitic ard standard tool 


analyses —and alloy and stainless seamiess steel tubing 
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GAS MACHINERY COMPANY 


This roller hearth type furnace for anneal 

ing stainless steel sheet is equipped with 
CARBOFRAX silicon carbide rolls. Conse 

quently, the hearth stays straight, the rolls 
last longer, and there is less marking and 
pick-up than with metal rolls. The furnace is 
gas fired to 2450°F with CARBOFRAX radiant 
tubes located above and below the hearth 
CARBOFRAX radiant tubes provide high heat 
conductivity, excellent refractoriness and the 
necessary gas tightness. 


uper Refractories by CARBORUNDUM are used 
in almost every heat-treating furnace 


Are your furnace floors tough enough to withstand 
heavy abrasion at high temperatures’ Does your 
hearth or muffle transfer heat as fast as it should 

i.e., so that you get the maximum number of heats? 
Do your supports keep the floor level under heavy 
loads? Do your burner ports or other furnace parts 


crack or spall? 


As so many furnace manufacturers know, the 
answer to these problems lies in a well balanced team 
of heavy-duty, special purpose refractories — Super 


Refractories by CARBORUNDUM 
HARPER ELECTRIC FURNACE CORPORATION 


“ : This electrically heated pusher type furnace 1s used for sinter 
Treatment Furnaces gives specific recommenda- ing powdered metal parts at 


Our 40-page booklet, “Super Refractories for Heat 


n special atmospheres at 2100°E 
tions. May we send you a copy? It uses an ALFRAX K electrically fused alumina hearth wit! 
’ : : MULLFRAX clectric illite f lintels. The 

ALFRAX K hearth supy n | mu and is us 

because of its thermal nduct y, good hot strength an 

long life. The MULLFRAX material ed for its exceptiona 


strength at high temperatu 





CHARLES A. HONES, INCORPORATED 


This bench type oven furnace is gas fired. It is designed to 
heat up to 1400°F in 15 minutes and to 2000°F in 50 
minutes without the use of gas boosters, blowers, etc 
Here, the high heat conductivity of the CARBOFRAX 
hearth is of real value—as ts its extreme resistance to both 
mechanical abrasion and to heat shock 


» AS 
% St Dept. C-41, Refractories Div. Perth Amboy, N. J 
RUNO 


MR 


"Carborundum,” " Alfrax Carbofrax,” and “Mullfrax”’ are registered trademarks which indicate manufacture by The Carborundum Compan) 
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DATA ON HIGH-TEMPERATURE ALLOYS 


This new edition of “Thay NES Allows lor High- 


for fabricating the wrought forms of the allova. 
Pemperature Service” summarizes all the available very engineer and me tallurgist whe designs or 
data on 10 super-alloys. Besides physical and me- specifies equipment for service at elevated tempera- 
chanical properties of two newly developed alloys tures should have a copy of this book. Design engi- 
Hlayves allovs Nos. 25 and 36 — the booklet neers. particularly, will find it a useful guide in the 
now includes additional data on all 10 alloys. selection of allovs to meet the exacting require- 
Phere are tables and charts giving data on creep- ments of high-temperature service. 

rupture, stress-rupture, thermal expansion, stress- Fillin the handy coupon below if you wish a copy 


properties, in of this useful book 
addition to chemical composition and short-time 


tensile properties. The booklet 


elongation, hardness, and impact If vou have the old edition. be 
sure to replace it immediately, so that you will have 
also contains all the latest information available on the Hayes 


information on age-hardening and procedures high-temperature alloys. 


4 AY N : S Haynes Stellite Division, UCC, 735 S. Lindsay Street, Kokomo, Ind 


Please send me, without obligation, a copy of ‘Harwes Alloys 
Trode-Mark Gey US eS for High-Temperature Service.” 


. * *_¢@ HANDY WAME 
Haynes Stellite. Division 


Union Carbide and Carbon Corporation COUPON COMPANY 
UCC) ADDRESS 


s a trade-mark of Union Carbide ond Corbon Corporation, 
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p Management Method to Moke 
yon Hours More Productive’ 


Why Not Gear Up For Today’s Production 
This Way? 


that way—with the help of the Carpenter 
Matched Set Method. For the Method 


not Only enabled this 


ay 
For 11 years this 

Stentor blanking die and punch gave 
trouble-free performance, averaging 
100,000 gears per grind. This record 
enabled management and production to 
avoid production delays by keeping 
machines operating with fewer shut- 
downs for resharpening. The precision 
gears, 120 teeth 90 pitch, are made from 
) hard brass. In heat treatment 
| 


lie moved only .0005"’ on the maxi- 


neter of the gear 
It wasn't a happy coincides 
tool and die steel was pertectly 
put production from the tools 


smooth, trouble-free basis. Ir was planned 


I ant tO eliminate 

costly experimentation in 

right steel, but enable 

forecast Output in advan 

could count on the t 

parts on time ca r you, ask fo n 

How to Get Better Tool and Die Per 

ance THE CARPENTER STEEI 
133, W. Bern St., Reading, Pa 


Export Department: The Carpenter Steel Company 
Reading. Ps CARSTEELCO” 


arbenter 


More than top-grade steels...a Method 


to keep tooling and production on schedule! 


Used in hundreds of plants, the Method fc 


offers far more than simplihied tool steel CO 


For your convenience, Carpenter carries warehouse stocks in principal cities throughout the country. 
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BORON -TREATED 
STEELS 








ALLOYS 


More than a million and a half tons of steel produced 
with these alloys have proved their dependability. 
Grainal balanced alloys, with or without vanadium, 
are available in three standard grades. 

Write us for details. 


MAKERS OF ALLOYS 


VANADIUM CorPoRATION OF AMERICA Se 


1 Pi ! ° ) ° ( : . FYVELAND « PIT 
LENINGTON AVENUE NEW YORK N Y DETR I H AC ) ! ! HEMICALS AND METALS 
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INCREASED PRODUCTION per hour results from the fewer 
interruptions per campaign you get with Norton Crystolon” 
(silicon carbide) slag hole blocks, which resist slag action 5 to 
15 times longer than fire clay blocks. 


NOW... 
FEWER INTERRUPTIONS 
PER CAMPAIGN 


If short-lived slag hole blocks 
are cutting down your production 
per hour you are needlessly wasting 
productive capacity. For, Norton 
Crystolon slag hole blocks consist- 
ently hold their hole size from 8 to 
30 hours...depending on the 
type of cupola and the composition 
of your slag. 

Made of hard, dense silicon car- 
bide, Norton Crystolon blocks 
stubbornly resist slag erosion and 
corrosion at temperatures as high 
as 3050°F. More and more foun- 
dries report that no other blocks 


they have used last so long without 
softening, spalling or cracking 
Worth Comparing! 
Give Norton Crystolon — slag 
hole blocks a workout in your cup 


olas. Compare their performance 


with whatever you are now using 


Maybe you, too, will reduc © ¢ ostly 


shutdowns and speed up the flow of 
vitally needed metals. For prices or 
more information, contact your 


nearby Norton representative or 


write us direct. Norton Company, 
Worcester 6, Massachusetts. 








WNORTONY 
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TRAGE MARK REG. U.S. PAT. OFF 


Making better products to make other products better 


Special REFRACTORIES 


Canadian Representative 


A. P. GREEN FIRE BRICK CO., Ltd. TORONTO, ONTARIO 





How to Select 
The Right 


Refractory 
Cement: 


FOR TROWELING 


RAMMING 


FOR PRESSING 


Write for Bulletin 863 
most helpful bulletin on refractory 
wrding to the 
e men who 
istallation 


today 


NORTON COMPANY 
324 NEW BOND STREET 
WORCESTER 6, MASS. 


*Trade-Mork Reg. U. S. Pat. Off. 
and Foreign Countries 
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More Aircraft Alloys & Stainless 
In Stock... Quick Shipment 


Aircraft alloy bars, sheets and 
strip in more than 400 sizes, fin- 
ishes and conditions are now on 
hand at Ryerson steel-service 
plants. And more than 300 dif- 
ferent items of aircraft stainless 
are also available in bars, sheets, 


and strip. 


How are we able—at this time 
—to offer enlarged stocks? 


Months ago when the expansion 
of aircraft production was first 
being considered, we began plan- 
ning to carry more aircraft steels 
Now the planning is beginning 
to show results. And as the air- 


craft industry starts a program 


that will increase its capacity 16 
times, our stocks now include 
alloy and stainless steels for air- 
craft parts manufacturers, air 
frame makers and engine build- 
ers conforming to all the widely 
used new MIL-S and AMS 
specifications now in effect. As 
additional products are covered 
by the new specifications our 
stocks will be quickly adjusted to 
conform. 

Ryerson plants are set up to 
meet aircraft steel requirements 
exactly; deliver them in a hurry, 
accurately cut to order. So call 
us for your requirements. We’ll 
get them to you fast. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC, PLANTS: NEW 
CLEVELAND, PITTSBURGH, BUFFALO, CHICAGO, M 
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YORK, BOSTON, PHILADELPHIA, DETROIT, CINCINNATI, 
LWAUKEE, ST. LOUIS, LOS ANGELES, SAN FRANCISCO 


CONSOLIDATED VULTEE 
AIRCRAFT PHOTO 





3 Important Ryerson 
Aircraft Steel Notes 





manufactured to 
specs. Practically 
cvailable on short notice 
call 





New Aircrafts Steels Booklet 

Fourth edition just off the 
Press. Contains latest dota on 
aircraft quality Stainless ond 
alloy steels, all new MIL-S spec 
fications ond complete | 
enlarged Ryerson stocks 


specs Write for 


sting of 
to these 
copy 


A Ryerson Alloy Certificate 
's Gufomatically sent with all ol- 
Cys, including aircraft quality 
thot may be subject to 
urther treatment 


Steels 
f Certificate 
Positively verifies identification 
ond analysis; guides heat treat 
ment. Notorized test reports 
ndicating conformity to any re 
quired spec. furn shed on request 


Stainless Fastenings— Quick 
Shipment 


plies stainless steel 


Ryerson also sup 
fastenings 
eeronautical 
every type 


Just 


Our neorest plant 





Metallurgical Activities 


at Aberdeen 


Proving Ground ae one 


ABERDEEN Proving Ground and Edgewood 
Arsenal (officially, the Army Chemical Center at 
Edgewood, Md.) are two long-established Army 
installations on the west shore of Chesapeake 
Bay about 30 miles north of Baltimore. The 
map boundaries of the Proving Ground include 
74,693 acres, but deep indentations from the bay 
and an eastern boundary well off-shore leave 
only 37,959 acres of dry land. The word “dry” 
is not too accurate, for there is much swamp 
and marsh; the highest “hill” on the reservation 
is 315 ft Much of the woods 
that originally covered the site have been cut 
away, so the area is reasonably well fitted for 
the testing of equipment in flat country. The 
Churchville Test Range, used in tank develop- 
ment and testing, is really rugged any kind 
Nature has 
provided many of the requirements except arctic 


above sea level. 


of terrain except desert and arctic. 


weather and craggy mountains; artificial sub- 
stitutes are cold rooms and man-made obstacles 
The length of the longest firing range on land is 
27,500 yd. (15% miles); longer range guns can 
fire out into a protected area in Chesapeake Bay. 

The name “Proving Ground” is likely to give 
a misconception of the mission of the establish- 
ment. Primarily it is a research and develop- 
ment agency, and the largest fraction of its 
equipment and personnel are devoted to unspec- 
tacular but precise studies of the motion of 


As Observed by 
The Editor 


of Metal Progress 


guns, powder, projectiles, 
bombs and rockets in all 
their aspects, so securing 
a rational basis for de- 
sign. Design and devel- 
opment of ordnance are 
logically the next steps 
Adequate instrumentation 
for these studies also 
requires much attention 
This meticulous and ex 
tensive preliminary work 
Is overpowered espe- 
cially in the eyes and 
occasional 
visitor at a demonstration 

by the big bang with 
which the completed ord- 
nance speaks! 

Of course “proving” 
is also an important 
a function that can be appreciated 
by the ordinary 


function 


citizen since American auto 
mobile companies have made much of their own 
proving grounds in 


promotional advertising 


Speaking broadly, this consists primarily of 
putting samples of new ordnance equipment or 
components, both prototypes and production 
models, through their paces under severe con- 
ditions and precise observation, to find out 
whether they perform as expected; if not, to 
discover why, so corrections can be made. 
“Ordnance” in that last sentence includes 
small arms and grenades, artillery (howitzers, 
anti-aircraft and field guns), short-range weap- 
ons (bazookas, mortars and rocket launchers) 
and ammunition for all such weapons, as well as 
bombs, mines and demolition charges, armored 
carriages, vehicles and tanks, and automotive 
equipment of all sorts, 


and tracking, and 


Also radar for detection 
automatic fire control 
“Ordnance” thus includes the fighting equipment 
of the infantryman, his armored support and 
his transport — about everything he needs except 
food and clothing (the responsibility of the 
Quartermaster Corps). Obviously the scope of 
its functions has been enormously increased 
since World War I days when the foot soldier 
had a rifle and bayonet and the artilleryman a 
horse-drawn 3-in. cannon! 


As indicated above, actual field testing is 
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preceded by work in well-equipped laboratories 
for chemical investigations, for physical meas- 
urements of all sorts — especially at high speed 
As of today 
of S000 


civilians 


and for the testing of materials 
the 
men 


these activities require services 


L000 


stand-by 


officers and enlisted and 


A wide area contains in condition 
housing and structures devoted in the last wat 
the ol 
activity increased the post's population to about 
32,400 souls. 
and importance is the museum containing many 
Additions 

The 
proot 


to training maintenance troops; this 


A department of major interest 


examples of enemy equipment are 


currently items 
tested, 


then dismantled and scrutinized for design and 


being made from Korea 


are not merely stored, they are 
quality of materials and workmanship 

Through the courtesy of Major General E. E 
Mac Morland, general, the Editor 
recently spent an interesting day with Charles 
McKnight ©. chiet of the 
Ammunition what 


attempt 


commanding 


engineer Arms and 


Division In follows an 
made outline the 
at of metallurgical 
interest without getting off-limits into secrecy, 
to supplement at the last 
Ordnance Association meeting, briefly presented 
in “Critical Points” last 


Vetal Progress. 


be 


activities 


will to 


Aberdeen 


some of 


present 


and observations 


in November's issue of 


Gun Tubes 


The rifled gun tube is an ordnance part that 
has been under close and continuous study for 


at least SO years. It is an expensive forging, 


7 -_ —_— —_ 
— —- : - Pe = +. 
es tee a eS 


“ artes 


- Brie me 
— ef. 
. > 


210-\MIm. Howitzer Motor Carriage at High Speed, Cross 
Country, at Aberdeen Proving Ground’s Churchville Test 


Range. Which Is a Really Rugged Course for Any 4 ehicle 
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a real 


centrifugal casting, or pierced and upset tube, 
It has 


propellent gases 


intricately machined to close tolerances 
a relatively short service life: 
are considerably 
of round 
little metal from the bore 


hotter than the melting point 


steel, so each earries out with it a 


Only so many rounds 
Nothing 


slow 


and the accuracy starts to deteriorate 
be to the to 
erosion most intense when high-velocity 
fired, less 
All the the 
tough even in the arcti 


much can done steel down 


this 
armor-piercing shot with 
tube 
All 
ordnance items are required to function nor- 
mally in the 65" F. to 
+165° F 
Through 


are much 


antipersonnel rounds time 


must be tough, 


temperature range ol 


the vears, improvements in gun 
steel, design of breech, bore, and projectile, and 
nature of propellent powder have cooperated to 
lighten the of the tube 

important not only to conserve material but to 
By 1940 the American 
arsenals were pretty proud of the result. Here's 


Captured 


materially weight 


increase portability 
where Aberdeen’s museum stepped in! 
foreign guns, giving comparative performance, 
were often found to be considerably lighter than 
ours! that the 


were generously 


Re-examination 
ot 


indicated clas- 


sical theories gun design 


inaccurate 
Tubes are now lighter, vet amply safe 
Still, erosion is with us. Two palliatives are 
practical: 1. Arrange the mount so barrels can be 
replaced easily; 2. Use replaceable liners in the 
larger calibers. However, these are palliatives; 
ot 


cobalt-chromium-molybdenum- 


cure runs 


High 


into” shortages strategic 


metals 

tungsten alloys are fine, but there 
ol 
metals available for the hundreds 
of ol that 
be made Active therefore 
still continues 
ings of 


than steel 


is simply not 


enough these 


thousands guns must 


work 


on liners or coat- 


available othe 


metals 
temember how Harry 
Brearley discovered stainless dur- 
ing an unsuccessful effort to raise 
the melting point of gun steel by 
adding chromium?) Some really 


good refractory metals or mix- 
tures are too hard for machining 
SO they have to be shaped pre- 
cisely by “electro-forming” or 
powder metallurgical methods 
These operations, plus the cost of 
the 


sely Cs, 


somewhat rare metals them- 
their nearby 
use to such items as high-speed 


machine to 


will confine 


guns, firing up 20 





rounds per sec., or long-range automatic anti- 
aircraft pieces. 

One trouble that cropped up more recently 
concerns muzzle brakes. A muzzle brake is a 
steel casting fitted to the barrel’s end, having 
internal vanes that catch and divert some of the 
propellent rush forward, thus 


gases as they 


partially checking the recoil. A gun with a good 
muzzle brake can be designed with a lighter 
recoil mechanism and mount. When a muzzle 
brake fails, subsequent firing overloads the entire 
mount and slows down the firing rate, for the 
aim must be corrected after each round. Design 
stresses are not excessive for the steel casting, 
and failures are so closely bound up with inter- 
nal segregation and unsoundness that it seems 
almost necessary to specify a 1L00% radiographic 
test a rather expensive price to pay for slack 
work in the steel foundry 


irmor 


Armor itself, of course, comes in for proof 
testing all the way up from the laminated 
aluminum sheet and rayon cloth for body armor, 
through the light plate for armored vehicles and 
field gun shields, to the heavy castings used for 
tanks. Numberless proof tests indicate that a 
modification of the ancient “Krupp analysis” 
chromium -nickel-molybdenum), soundly cast 
and adequately heat treated, is better than any- 
thing vet suggested. It possibly represents the 
limit in steel. “Soundly cast” is said advisedly 
At Aberdeen is the opinion that armor takes on 
the character of its maker. Plates delivered by a 
steel plant which has modern equipment, staffed 
by men who are proud of an excellent record, 
are sure to perform excellently. In fact, every 
now and then a plate of this sort confounds the 
test and the testers by resisting completely an 


attack which, according to the book, should pen- 


Soviet Tanks (T-34 


etrate. Believe that such a plate is given the 
most microscopic examination! 

Russian medium tanks of 1940 manufacture, 
despite a power plant of doubtful performance, 
had excellent Krupp-type armor and a very low 
silhouette. It was hard to hit and, when hit, 
hard to stop. By the war's end, the Russians 
had increased the gun from its original 76.2 mm 
to a high velocity 85 mm. without doing much 
else. In other words, this tank now has maxi- 
mum striking power for its over-all weight a 
most desirable combination. Recent specimens 
from Korea examined by Aberdeen’s museum 
staff carry quite inferior armor; it is a_ silico- 
manganese steel of much higher hardness than 
customary. This might mean that there is a 
shortage in desirable alloying elements (espe- 
cially nickel) in Russia, or it might merely be 
that the Russians have given their little yellow 
brothers some stuff that is not nearly as good 
as their theorists predicted 

Lack of chromium, nickel and vanadium will 
hamper the making of good armor, as was amply 
demonstrated in World War IL. Ballistically, 
the low-alloy “triple steels” were nothing to brag 
about in that particular service 


Projectiles 


From armor to armor-piercing shot is no 
step at all; they've been improved, side by side, 
ever since the “Monitor” fought the “Merrimac” 
One present inquiry under way at Aberdeen is 
to find a substitute for 


satisfactory tungsten 


carbide. Naval projectiles first used a blunt- 
nosed cap of soft iron around the sharp end of 
a hardened steel projectile; on impact the cap 
held the hard, brittle point together so it would 
not shatter before it started to penetrate the 
armor Once started, the armor itself formed 


the sheath During the last war, sheathed 


With 85-Mm. Gun Captured in Korea, 1950 





tungsten carbide was used most satisfactorily 
for cores of A.P. shot. But tungsten is so valu- 
able for toolsteels and other critical uses that 
the search is now on for another material that 
is very hard (to penetrate) and has a 
specific gravity (inertia to carry through). 

Meanwhile the old-fashioned A.P. shot has 
been improved so that its performance on strik- 
ing any type armor at high obliquity 
more acutely) is phenomenal. 


high 


50°, or 
(This is really 
good news, for the glacis plate on the Russian 
tank Joseph Stalin III is 55°, and something must 
be ready to get inside that thing.) 

Another weapon for piercing armor is the 
well-known bazooka. Its projectile is a slow- 
speed rocket whose penetrating power is due to 
the “shaped charge”. The striking end of the 


Electric 
Blasting Cap \ 


— mt 


Plastic Case 


27 


Copper 
Liner 














Loading — 
Pole — Explosive 


Insulating 
Body 
Du Pont“ Jet Tappers” for Openhearth Furnaces Use 
the Shaped Charge of the Bazooka to Drill a Neat 
Hole Through the Clay Which Plugs the Tap Hole 


projectile is filled with high explosive having a 
conical cavity, large end forward. Explosion on 
contact causes a blast to converge from all sides 
into the axis, and this has nowhere to go except 
forward as a superheated stream of white-hot 
gas which neatly bores a hole into the obstruc- 
tion armor, concrete, or Present 
studies by the Arms and Ammunition Division 


whatever. 


at Aberdeen have to do with the penetrating 
power in relation to the shape of the cavity, 
the material which is used as its interior mold, 
and its wall thickness — with some attention to 
mass production of the rather difficult shapes 
that may be evolved. 

Several from these 


curious facts emerge 


studies. For example: High-speed photographs 
show that the shape-liner collapses into the form 
of an elongated bodkin and follows the gas 
stream. It apparently has little or no effect on 
the penetration — it either follows through the 
hole already made, or plasters itself along the 
sides of the hole, or some of both. 

The object, of course, is not only to penetrate 
the armor, but to put through the hole enough 
fire or molten metal to derange completely what- 
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ever is on the other side. 
bazooka shell 


In this respect the 
unless of rather large caliber - 
is not as destructive as two other devices. One 
is a bit of highly classified information; the 
other is the “napalm” bomb. Even a near-miss 
that isn’t very near will cover the tank with 
viciously burning goo. The crew is probably 
smothered by oxygen depletion, since the motors 
stop and the heat developed is not enough to 
explode ammunition nor to char men’s clothing 
or blister their faces. 

One interesting byproduct of bazooka stud- 
ies is an inquiry into what happens to the metal 
that originally filled the hole. First-hand you 
would say that it burned up, was pushed out 
ahead, or mushroomed backward. However, if 
an 8-in. block with a neat 1-in. bazooka hole is 
cut from the pierced armor, it weighs just about 
as much as a solid equivalent! Salvatore Uzzo 
@. chief of the X-ray and Metallurgical section, 
is now studying a block that was accurately 
While 
there is a little thickening near the hole, this is 
not enough to account for the metal that (by 
weight) remains. 


machined and gaged before penetration 


It's always nice to think of turning swords 


into plowshares, and the bazooka’s shaped 


All too 
often in these days of recurrent wars, the mili- 


charge gives us an interesting example 


tary draws upon peacetime industry for its tools 
and equipment. However, the shaped charge, a 
purely military tool, is now utilized for drilling 
hard holes in quarrying and in underground 
mining, and for shooting oil wells. Most recently 
Du Pont has commercialized “jet tappers” for 
openhearths and blast furnaces. The accom- 
panying illustration shows exactly what a shaped 
charge looks like to the X-ray; only 2 oz. of 
especially insensitive explosive will open a 1-in. 
hole through the hot tap-hole facing. It will 
penetrate 6 in. of cold steel 

In that same metallurgical laboratory were 
seen many samples of broken tank and auto- 
motive parts—-most of them fatigue failures, 
and most of these blamed on sharp fillets or 
tool marks on surfaces taking maximum stress. 
Others are not so easily explained — even after 
sister equipment is plastered with strain gages 
leading to high-speed automatic recorders and 
operated in severe service. Much of the fasci- 
nating research on metal, in fact, at Aberdeen 
Proving Ground has to do with conditions that 
were unthought of or disregarded 50 years ago, 
such as 
under 


excessively endurance 
frequent toughness at low 
temperatures, and surface conditions to resist 
erosion and scour. (—) 


high 
overloads, 


impacts, 





High-Temperature Problems 


in Aireraft Jet Engines 


and Turbo-Superchargers 


a 

Dus PAPER was read before the Minneapolis 
Chapter, @, with the object of 
metallurgist’s viewpoint of some of the problems 


presenting a 


encountered in high-temperature metals during 


the development of aircraft jet engines and 


turbo-superchargers. Parts discussed will be the 
combustion chamber liner, the nozzle diaphragm 
partition, the turbine buckets, and the tail cone 
on the jet engine, and the nozzle box, the nozzle 
diaphragm, the turbine wheel, and turbine buck- 
ets on the turbo-supercharger. All designs and 
parts referred to are obsolete, but exhibit typical 
problems as to materials of construction. Since 
design plays such an important part in the per- 
formance of most machine parts, successful 
operation of a gas turbine (or almost any appa- 
ratus) depends on a compromise between design 
and material as well as availability and cost. 

It is also intended that the reader not be 
left with the impression that aircraft gas turbines 
present more their 


problems in development 


than other types of engines rather a somewhat 
different set of problems have been faced. Never- 
theless, as in most aircraft application ~~ partic- 
ularly for the military long engine life tends 
to be This 


trend is expected to continue, even though the 


sacrificed for high performance 
available materials are substantially improved. 
Those parts in jet engines and turbo-super- 


chargers which operate above 1200° F. for some 


of their useful life are the limiting 
factors in setting periods of over- 
haul for this type of apparatus 
This is true, not only because of 
the high temperatt re, but also be- 
cause of the high stresses, both in 


rotating and stationary parts. High 


By R. B. Johnson 
Engineer 
Plant Laboratory ture 
General Electric Co. 
Lockland, Ohio 


stresses in rotating parts come from high speeds 
loads, and changing 
thermal gradients; stationary parts are highly 


of rotation, alternating 


stressed primarily from thermal gradients and 
alternating loads. 

The engineer may design these high-temper- 
ature parts for an expected life of perhaps 1000 
hr. and will include the margins of safety typical 
of aircraft equipment and bear the important 
point of weight conservation constantly in mind. 
If, however, a jet engine or turbo-supercharger 
part fails prematurely when in operation or on 
test, it is important to know the real cause or 
changes can be made to 


causes, So prevent 


reoccurrence. These causes can generally be 
assigned to poor control of material processing 
or inspection, to poor control of test conditions, 
or to design deficiencies 

reader with the 


First, to acquaint the 


expected operating temperature of the high- 


temperature parts in jet engine and = turbo- 


supercharger, the following list is presented: 
Jet Engine 

900 to 1800° F 

Diaphragm partition — 900 to 1650° I 

lurbine wheel 400) to 1200° F 

rurbine bucket 1200 to 1500° F. 

900 to 1400° F. 


Combustion liner 


Nail cone 
Turbo-Supercharger 

1200 to 1700° F 

900 to 1600° F 

500 to 1200° F 

1200 to 1500° F. 


Nozzk box 
Diaphragm 
rurbine wheel 


rurbine bucket 
Chamber Liners 


have a maximum metal tempera- 


Combustion 

normally on the order of 
1800° F. However, there are occa- 
sional hotter spots in the chamber 
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Fig. 1 Obsolete Designs of Jet Engine Com- 
bustion Chamber Liners, About 1/5 Natural Siz. 
Left, rolled Vitallium, cracked after 250 hr. on 
“endurance test schedule”; right, later design in 
Type 310 stainless after 300 hr. of engine test 


chambers in engines, appears to have a definite 
relation to the tensile strength of the sheet metal 
at about 1800° F Performance (time) as a 
function of tensile strength at 1800° F. is shown 
in Fig. 2 for one set of engine tests. Increased 
ductility does not correlate with increased liner 
life; however, a certain minimum ductility is 
believed to be essential. 

Alloys with increased thermal conductivity 
do not seem to be the direct solution to this prob- 
lem, because neither Inconel-clad nickel not 
stainless-clad copper has given exceptional life 
Here again, the discrepancy is believed to be due 
to a lack of strength to resist buckling from 
stresses set up by thermal gradients. If all other 
things were equal, however, it is believed that 
the material with higher conductivity would give 
the longer life. Most of the alloys which have 
been tested have about the same thermal con- 
ductivity at 1800° F., although at room tempera- 
ture they differ substantially See Fig. 3. 

Ceramic coatings on the metal liner 

liner due to poor fuel flow or pressure unbal- another approach to a solution of this problem 
ance which can cause temperatures in excess ot have not been particularly helpful at the pres- 
2100° F. These hot spots are the direct cause of ent state of development unless the coating is 
extreme thermal gradients and high thermal quite thick, and thick coatings are difficult to 
stresses, as well as so much distortion that hold in place. In addition, thick coatings are not 


portions may bulge into the flame passage (at appropriate for some designs which depend on 


3000° F.) which quickly destroys a metal liner. small louver openings to admit air to sweep the 
Figure 1 (left) shows an obsolete liner which is surface and cool the liner 


considered failed after 250 hr. of engine opera- Still another approach which has improved 
tion on an “endurance test schedule”. The other liner life has been to increase the wall thickness 
view in Fig. 1 is a more modern liner after 300 of the combustion chamber. Here 


again, the 
hr. on test, which shows 


relation between strength 
and performance is evi- 

300 
dent, but added thickness 
results in additional 
weight, and in airplanes 


no evidence of distress 
It should be noted that 
Vitallium sheet was never 





actually used in the pro- 
duction of General Elee- the payload is all-impor- 
Hastelloy °C - tant 


\ 
9 
Oo 


trice’s jet combustion Therefore, increased 
chamber liners.) metal thicknesses are not 
The performance of 28 looked upon with favor 
various metals and alloys, = Most progress toward 


when tested as combustion more durable liners has 


Hours to Failure 


incon 
Stainless, cane 


m _ : T 
Fig. 2. — Straight-Line Relation- ype e > nconel +3% A alloys, heat treatments, o1 


not been through new 
ship Between Tensile Strength of special processing, but 
Vaterial of Construction at nconel-Clad Nickel 
1800° F. and Life of Design “C™ to give proper louver re- 
Liners in Cyclic Endurance Test O 10 20 30 40 lation to airflow so as to 
(an Accelerated Life Test) Tensile Strength at I8O0°F., |OOO Psi 


rather through a re-design 











reduce thermal gradients 
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and pressure unbalance. Furthermore, with good Laboratory Tests on Cast Partitions 
design, the luxury of highly strategic materials MATERIAL Cycies To Crack 
(which are usually costly and in very short Vitallium : 
supply) is avoided. ssemases ween 8 
0.30 to 0.45% carbon 41 


Alloy 6059 (0.27% C) 19 
combustion chamber. These partitions are sta- Hastelloy “C” 13 


Jet Engine Diaphragm Partitions are the next 
part met by the flow of hot gas coming from the 


tionary vanes in the hot gas stream and direct it 25-12 Cr-Ni 30 (warped) 
into the turbine buckets in the 

designed manner and direction. ~ : Temperature ,°F. 

Their normal maximum operat- 1000 2i2__392_S712_152_-932_1NN2_ 1292472 
ing temperature is 1650°F. Ma- 0.900? > + ae + t { 
terials are at present adequate. 0.800 | | 

0.700 + + + 

0.600 ae | + + ; + 


> > > - 
Ne ee es Wrought 28 aluminum 


should, the blowtorch effect , T 








> 
+ 


Copper shee? 

> + > + 
If, however, the combustion sys- 
tem is not functioning as it 


produced in the combustion 
chamber reaches the partitions 
and overheats them On the Incone/-clad copper 
other hand, if the water-alcohol 260 > CD SD SND | 





+ 


> > > 

} + + 

injection (a conventional proce- 3 } } j 
} 


dure for improving the take-off T T 


thrust of jet engines) is not ; t } Alurrurized stee/ 
functioning properly, the dia- 4 yf ] 

phragm can be subjected to a J Wrought nicke/ 
quenching medium 


+ 
bad 
@ 
oo 


ww 
per sa.ft.per hr. per 


oo + 


lomcarbon steel. mS 
Inconelclad nicke/ 


+ 


Such malfunctioning of the 


+++ -+-++-4-44+ 
++ - 4-4-4 +44 
+444 + -+4-4-4-4+ 
w 
& 


combustion system causes high - 
thermal gradients and accompa- Stanless-clad stee/ 


yp 6 
Ss 
) 


Conductivity, 
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materials buckle; although they Vics * 

: ious Temperatures. Whereas the group from Inconel 
“XX” to wrought nickel has substantial differences at room 
temperature, it has about the same conductivity at 1500 to 
1700° F. (P. A. Haythorne, The Iron Age, Sept. 23, 1948) 


do not crack, they lose their 
aerodynamic efficiency. On the 
other hand, a strong material, 
possibly with less ductility, tends 
to crack rather than distort. A 
good combination of properties for the dia- partitions of design “B” have been so evaluated 
phragm is possessed by cast Vitallium, an alloy in the laboratory, with results as shown at the 
of chromium, molybdenum and cobalt. top of this column. Cast Vitallium with 0.20 to 
In the laboratory, diaphragm partitions can 0.35% carbon is shown to be the best. Note that 
best be evaluated by a thermal shock test east 25-12 did not crack but warped and dis- 
alternately heating in a gas flame to 1700° F. and torted badly. 
water quenching to a fixed cycle (4 min. and 50 Engine tests have been run 
sec. to 1700° F.; water quench 10 sec.). A cracked diaphragm contained partitions made of cast 
partition after such thermal shock testing looks Type 309 stainless, Type 310 stainless, and Vital- 
very much like a twin which encountered faulty lium as well as fabricated partitions from Type 
operation conditions in an engine. 


wherein the 


310 sheet, and have shown relatively outstanding 
Several cast materials made into diaphragm performance for the cast Vitallium 
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Fig. 4 Section of Turbo-Supercharger Nozzle Box 
Showing Intercrystalline Cracking in Type 316 Stain- 


less Sheet Welded to Cast Diaphragm (Upper Left) 





Turbo-Supercharger Nozzle Box 


The turbo-supercharger operates on the 
exhaust gas of a reciprocating engine and con- 
sists of a gas turbine for driving a compressor 
to increase the pressure of air de- 
livered to the engine. 

The nozzle box, which receives 
the hot exhaust gases, is made of 
formed and welded sheet metal and 
has a cast diaphragm as an integral 
part. Stresses within this assembly, 
which operates at temperatures be- 
tween 1200 and 1650° F., vary with 
the installation in the airplane. If 
there is misalignment with connect- 
ing lines from the engine manifold, 
the nozzle box may be subjected to 
high alternating loads 

The 
made of 


metal 
316 
many years and operated success- 
fully. Selection of 
based 


sheet portion was 


Type stainless for 
material 
ae od 

better 
common 


this 


was upon its high- 


temperature strength than 
that of 


alloys. 


other stainless 
the nozzle 


box operates in a sensitizing temper- 


However, since Fig. 5 
ter in 
ature range for austenitic stainless, 
this material became sasceptible to Cut 
intergranular corrosion, which, in 
some fail. 


instances, caused it to 
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Unsound Cen- 
Forged Turbine 
Wheel of High 
flong 
Indications Were Shown 


by Supersonic Inspection 


The exact corroding medium is not known, but it 
could well have been the products of combustion 
of high test aviation 
oxide or lead bromide and water. We changed 
to Type 347 stainless, and little difficulty has 
since been encountered with boxes. A 
photograph of a portion of one, shown in Fig. 4, 
shows intergranular cracking which led to the 
change from Type 316 stainless to Type 347 of 
heavier section. 


gasoline — namely, lead 


nozzle 


Turbo-Supercharger Nozzle Diaphragms are 
subjected to the same general conditions of tem- 
perature and stress as the rest of the nozzle box; 
however, the partitions are subject to somewhat 
more severe stresses than some other parts of 
this assembly, because of the variable metal sec- 
tions and because they are directly in the path 
of the hot gases, and generally of such dimen- 
sions that they must be of solid section and can- 
not readily be cooled. 

Some early diaphragms were fabricated, but 
the thermal stresses normally 


present caused 


considerable trouble. The diaphragm that has 


given almost flawless service is a 25-20 chro- 


mium-nickel sand casting. 
Comparatively recently, a 

cast diaphragm failed from devel- 

opment of hard, brittle 


microstructure, to- 


sigma 
phase in the 
gether with higher-than-normal 
The 
this diaphragm 
(0.05% 


stresses. carbon content of 


was very low 
which contributed to the 
formation of ferrite, and, in con- 
junction with the operating tem- 
perature, undoubtedly resulted in 
the appearance of the embrittling 
sigma phase. 

The 


approximately 


regular carbon level is 
0.15% 0.12 to 
0.18°) and the presence of sigma 
has not been observed in such 
higher carbon diaphragms with- 
drawn from service. 
Turbo-Supercharger and Jet 
Engine Turbine Wheels have not 
failed due to temperature effects 
Wheel been 
ciated with forging cracks, or poor 
metallurgical conditions at the 
wheel center 


failures have asso- 


illov, 
{xis After 
particularly in 


large sizes. By this is meant that 





forgings may contain internal flaws or have low 
ductility (Fig. 5). Such defects are difficult to 
locate without destroying the wheel, although 
X-ray and supersonic methods have been ex- 
tremely helpful in preventing failure in test or 
in engine operation.* 
This problem of manufacturing difficulties 
has been largely overcome by several approaches 
chiefly through the 
ingots by a 


production of sound 


continuous melting 
improved forging practices, and by the use of 
a composite wheel, where the high-temperature 
austenitic (Timken’s 16-25-6 Cr-Ni-Mo 
alloy) is used at the rim only, and the hub and 
disk section is a heat treatable alloy steel (A.1.S.1. 
4340), arc welded together. 
extremely successful operation of this composite 
wheel, the trend is to increase the diameter of 


process, by 


alloy 


Because of the 


the alloy steel center and reduce rim width, thus 
making a less expensive assembly both from a 
dollar-and-cents and strategic alloy standpoint. 

The temperature of the turbine wheel is a 
fairly from approximately 
1200° F. at the rim to 400 at the center. The lim- 
iting factor here lies in the creep strength, since 
clearance of the stationary shroud and the buck- 


uniform gradient 


ets is held as close as possible for best turbine 
efficiency; rubbing between shroud and buckets 
is obviously undesirable. Short-time room- 
temperature yield strength is also important, to 
pass high-speed testing for general proof of each 
assembly. Some alloys, strong in creep and rup- 
ture at design temperature, are not usable 
because of poor center ductility and low yield 
at room or moderately elevated temperatures. 
Turbo-Supercharger and Jet Engine Turbine 
Buckets operate between 1200 and 1500° F., and 
fail either by stress-rupture or fatigue. Whether 
or not the failure is due to one or the other is 
often controversial, but the assigned cause of 
failures of small buckets for turbo-superchargers 
has usually been stress-rupture. The turbo 
bucket has always been a very short bucket and 
On the 
other hand, the jet engine bucket, with few 


exceptions, has been shroudless, and 


includes a shroud as part of the design. 


failures 
have been generally of the fatigue type. (Engine 
buckets with shrouds have had _ stress-rupture 
failures, many of which may have been associ- 
ated with thermal shock.) 

Shroudless gas turbine buckets have failed 
in a high percentage of the cases in the same 
location, which can be associated with a Chladni 
vibration sand pattern at extremely high fre- 

Epitor’s FooTNott See, for example, the arti- 
cle “Ultrasonic Testing of Gas Turbine Disks” in 
Vetal Progress, April 1950, p. 468. 
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big. 6 (Top) Average Stress and Temperature of 
Gas Turbine Bucket of Obsolete Design “B”; Also 
Endurance Limit at 10° Cycles and 1000-Hr. Rup- 
ture Strength at Respective Temperatures of Alloy 
S-816. In the center is a photograph of a bucket with 
{t bottom 
is the temperature distribution on the face of a 
bucket and Chladni patterns, dark for 5850 cycles 
for 8000 eveles 


a failure at exit edge, *4 in. from the tip. 


per sec, excitation, and light 


quencies. The points of failure have been indi- 
cated to be an area of probable high stress. 
These patterns, however, have all been made at 
room temperature and the exact effect of operat- 
ing temperature on these patterns is unknown; 
they are undoubtedly changed in some manner, 
since the modulus of elasticity of the alloy low- 
ers with an increase in temperature 

Some interesting information was developed 
during a metallurgical investigation of Design 
“B” bucket, in which failures have been of a 
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fatigue nature with but few exceptions. It is 
made from forged S-816 alloy, a complicated 
composition of C, Cr, Ni, Co, W, Cb, and Mo. 

Figure 6 gives the average centrifugal stress 
along the blade, according to the designer's cal- 
culations. In addition, it shows the operating 
temperature, the available 1000-hr. stress-rupture 
strength, and the endurance limit for 10° cycles 
at the working temperatures 

The temperatures from root to tip of the 
bucket were determined by operating a bucket 
of Inconel “X” 


a known period of time; then, by correlating 


an age hardenable alloy for 


the resulting hardness with age hardening curves 
for this material as affected by time and temper- 
ature, the distribution of temperature during 
operating was determined. Confirming evidence 
has been established by placing hardened high 
speed steel pins in drilled holes in the bucket 
and by determining the change in hardness after 
several hours of operation.) It is to be noted 
that there is considerable margin between thx 
strength available (either rupture strength or 
endurance) and the average centrifugal stress 
Even so, the majority of failures in this design 
have been *, in. below the tip on the exit edge 

Cracks have also been found approximately 

in. in from the exit edge and parallel thereto, 
near the pitch line; these were generally of 
incipient nature and of a type which appeared 
to start on the inside of the bucket blade and 
progress to the back. Several cracks, particu- 
larly those near the pitch line and ‘2 in. from 
edge, did not progress all the way through to the 
back side. Failures of this type occurred not 
only in S-816 but also in cast Vitallium buckets 
of the same design under test. 


Fig. 7 {pproximate Relationship Between 
Life of Design ~ 
of {llov at 


250 


C” Buckets and Endurance 


frerage Operating Temperature 





2OO 
<UYU 
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Figure 6 also shows, at the bottom, the tem- 
perature distribution of the Design “B” bucket. 
Superimposed on this are sand pattern lines 
which are the result of two exciting frequencies. 
The light and dark shaded areas are those pro- 
duced by excitation of 8000 and 5850 cycles per 
sec. respectively. There is a possible correlation 
between the 8000-cycle pattern and the location 
of the failures ‘4 in. in from the edge and par- 
allel thereto. It is to be noted, however, that 
there has been no systematic distribution of 
cracked buckets within a given wheel 

Design “C” buckets, made of a number of 
different alloys, were run in engine tests \ 
relation appears to exist between the fatigue 
strength at 1200 and at 1500° F. and the hours- 
Such a 


relationship cannot be drawn for Design “B” 


to-failure in the test cell (see Fig. 7 


The small turbo-supercharger buckets have 
given a fairly good relation between laboratory 
stress-rupture strength and hours-to-failure in 
operation; as the = stress-rupture strength in- 
creases, the performance life also increases 


The metallographic analysis to determine 


“4 


a) Z 
“* 
Je 


Fig. 8 Intergranular Cracks From Inlet Edge of 
S-816 Bucket Caused by Thermal Shock. 100% 


whether or not the failures were of a stress- 
rupture or fatigue type has been based upon 
whether or not the fracture was intergranular or 
transgranular. The assumption that intergranu- 
lar fracture is indicative of a stress-rupture fail- 
ure is believed to be sound for S-816 and also 
Vitallium 


normal temperatures and times of 


but with some reservations, for the 
operation; 
longer time and higher temperatures could well 
cause both the stress-rupture failure and fatigue 
Whether the frac- 
ture is intergranular or transgranular is depend- 


failure to be intergranular 


ent upon the strain rate and temperature 





The extremely high frequency Chladni_ pat- 
terns that correlate with the zone of failure, such 
as shown in Fig. 6, would indicate that it does 
not take very long to cause failure under reso- 
nant conditions if the stresses are above the 
endurance limit. The time interval could be a 
matter of minutes or only three or four hours 
for 10% eveles * 

Since the time interval to cause fatigue fail- 
ure is small, a material with a high fatigue 
strength and with a relatively low stress-rupture 
strength could operate well in a design with a 
fairly high vibrating stress. Hastelloy “B” is an 


example of such an alloy 


hig. 9 Transgranular Failure in Cast J ital- 
lium Bucket. Probably Caused by Fatigue. 5 


Metallographic specimens would usually be 
prepared so as to include the point of crack 
nucleation, although the exact point where fail- 
ure started is sometimes hard to establish It 
may start by thermal shock or by stress-rupture; 
then, since all designs are subject to alternating 
loads, the crack may progress by fatigue; finally 
the transgranular portion of a crack may again 
become intergranular (stress-rupture) from 
increased load on reduced cross section 

As an example, Fig. 8 and 9 are respectively 
a micrograph at 100 diameters and a macrograph 
at 5 diameters of S-816 and cast Vitallium buck- 
ets Figure 8 shows intergranular cracks in 
S-816 caused by thermal shock, and Fig. 9 is a 

*This accepted endurance limit would better 
be defined as “fatigue strength”, since the S-N 
curves for alloys so far tested do not appear to 
flatten out completely at temperatures 
(1200 to 1500° F.) to show a true endurance limit. 


elevated 


Fig. 10 — Design “B” Buckets of Cast Alloy 
190 Showing Effect of Creep at Unduly High 
Temperature. Note extension of buckets whose 


shroud was originally in a smooth circle 


transgranular crack in cast Vitallium, probably 
caused by fatigue 

Figure 10 is included to show the effect of 
creep in turbo-supercharger buckets after many 
hours of test operation under much higher than 
ordinary operating temperatures 

Manufacturing Precautions Design “B" 
buckets which failed by fatigue have not shown 
a different distribution of grain size nor hard- 
ness when compared to buckets which have run 
satisfactorily for a similar period of time 

Process control in the melting, rolling, and 
subsequent forging and heat treatment of forged 
gas turbine buckets is extremely important. One 
particular hazard in forging and heat treatment 
is the tendency to grow very large grains 


“elephant grains”, as they are called. Conditions 
I & : 


for producing these very large grains are a criti 
cal amount of deformation during cold finishing 
and a subsequent high solution treating temper 
ature. The large grains are not found through 
out a bucket section, but only in those regions 
which have had a certain amount of cold work 
Variable grain size is thought to be unfavorable 
to best bucket performance —— that is, resistance 
to thermal shock and vibrating loads. Figure 
11 shows “elephant grains” in a bucket of S-816 
alloy. This phenomenon has also been observed 
in other high-temperature alloys 

Many of the high-temperature turbine bucket 
alloys tend to have low ductility between 1200 
and 1500° F. (as measured in short-time tensile 
tests). This is right in the operating temperature 
range. It is also just below the bottom of the 
normal forging range, and so the hammerman 


cannot forge safely at too low a temperature 
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Table I — Desirable Properties for Critical 
Gas Turbine Parts 
' MANUFACTURING 
PHYSICAL CHARACTERISTICS C 
{HARACTERISTICS 
Jet Engine Combustion Liner, 900 to 1800° F. 
Sheet 
Formable 


Weldable 


Oxidation and corrosion resistance 
Thermal shock resistance 

Strength 

Ductility 

High thermal conductivity 

Low thermal expansion 


Jet Engine Diaphragm Partition, 900 to 1650° F. 


Oxidation and corrosion resistance 
Thermal shock resistance 


Castable 
Weldable 


Jet Engine and Turbo-Supercharger Wheel, 
400 to 1200° F. 

Good creep strength Forgeabl 
Machinabl 


Weldablk 


Strength at moderate temperatures 
Ductility 


Jet Engine and Turbo-Supercharger Bucket, 
1200 to 1500° F 

Creep strength Formable 
Machinable 


Weldable 


Good stress-rupture characteristics 
High fatigue strength 

tesistance to thermal shock 
Ductility 

Oxidation and corrosion resistance 


Jet Engine Tail Cone, 900 to 1400° F. 


Resistance to thermal shock 
High fatigue strength 
Oxidation and corrosion resistance 


Sheet 
Formable 
Weldable 
Turbo-Supercharger Nozzle Box, 1200 to 1650° F. 


Oxidation and corrosion resistance 
High fatigue strength 


Sheet 
Formable 
Weldable 
Turbo-Supercharger Diaphragm, 1200 to 1650° F. 
Oxidation and corrosion resistance Castable 
Resistance to thermal shock Weldable 


Fig. 11 


“Elephant Grains” in 5-816 Bucket. 


Cracks from such a cause are found particularly 
on small buckets forged to size, or large buckets 
with thin edges forged to size (a standard prac- 


lice Not only can this low ductility range 
cause trouble in the forge shop but it can also be 
harmful to engine operation. Any misalignment 
in assembly or design contiguration that requires 
some plastic flow in the initial pertod of running 
to reduce a stress concentration requires ductil- 
ity Without ductility, or with low ductility, 
stresses could become high enough to cause rup- 
ture. Similarly, any thermal shock conditions 
that might be encountered during running would 
be more harmful to a part with low ductility 
than one with high 

Jet Engine Tail Cone structure is made of 
welded stainless sheet, Type 347 It acts to 
retain the exhaust gases and therefore is subject 
to some unbalanced pressures Temperature 
gradients are encountered with improper engine 
operations, but these gradients are generally not 
very sharp and thus the thermal stresses encoun- 
tered are not as severe as in some other parts 
of the engine. The tail cone ranges from 900 to 
1400° F. in extreme cases of maldistribution of 
temperature. Stronger materials improve life, 
but the real solution to this problem has been 
brought about by improved design 

A summary of the general physical charac- 
teristics required of materials for application to 
the hot 


engines is given in Table | 


parts of turbo-superchargers and jet 
Since, however, the 
shop problems of manufacture and assembly are 
of such great importance, the right-hand column 
is included. Based upon the present concepts of 
these items are of 
equal significance S 


manufacturing in America, 


Note lar ge 


grains at edges and fine grains in center of cross section 





Modern Trends 


Airframe Materials 


a 
Pur WORD “trends” 


comparison; the words 


in the title implies a 
“modern trends” imply 
a comparison with some long bygone past. The 
airframe industry is not yet old enough to have 
a long bygone past. If the comparison were 
made with only 25 years ago, the story ol 
progress would glow gloriously. I shall strike a 
more modest pose and make a comparison with 
only ten years ago 

We should begin by first defining an air- 
frame. For the purposes of this discussion an 
airframe will consist of a fuselage, wings, tail, 
nacelles and landing gear 
fulfill requirements 

First, and certainly foremost, it shall be capable 
of getting off the ground and into the air 
(This in itself is not a simple matter, for to 


An airframe is con- 


structed to three simple 


fulfill this requirement the airframe must not 
only support its own weight but also the weight 
of at least one engine to move it, at least one 
pilot to operate the engine and guide the air- 
frame, and certainly some fuel to give the engine 
life Second, the airframe shall be capable of 
supporting one or more engines of a size and 
power rating that shall give the airframe some 
usable rate of speed and shall be capable of 
carrying the weight of a reasonable quantity of 
fuel that shall carry the airframe to some rea- 
Third, the 
airframe shall be capable of carrying the addi- 


sonable distance without refueling. 


tional weight of some usable payload. 

These simple requirements add up to a 
simple choice of construction materials. The 
strongest materials of the lowest weight are all 
Where 
strength is obtainable in the material 


one needs to construct an airframe 


greater 


By Leo Schapiro 


Chief Metallurgist 
Santa Monica Division 
Douglas Aircraft Co., Inc. 


without an increase in its weight, 


payload is thereby increased, ot 


speed is increased if the power 
plant is available to produce the 
increased speed, or nonstop dis- 
tance is increased. The story of 
progress is a tale of application of 
stronger or lighter materials as 
designers reach for greater payload, 
“reater speed, 


greater distances 


between refuelings, or combina- 
tions thereof. 

How did the transport air- 
frame of ten years ago fulfill these 
three requirements? That air- 
frame carried three times its own weight at a 
speed of approximately three miles per minute 
for a nonstop distance of approximately 600 
miles To achieve that speed, the weight of 
engines, instruments and accessories equaled the 
weight of the airframe. To fly 600 miles with a 
useful payload, the weight of fuel and payload 
together equaled the weight of the airframe. The 
airframe was constructed of the strongest yet 
lightest weight material then available the 
aluminum alloy 24S with a tensile strength of 
approximately 60,000 psi. 

In those applications where structural con- 
siderations dictated the use of steel with its 
higher elastic modulus, this three-times-heavier- 
than-aluminum material was used at a strength 
of 180,000 psi. to pay its way without a sacrifice 
of weight for equal load-carrying capacity 

That was the airframe of ten years ago 

The desire for greater speed and longer non- 
stop flights arose some time ago and was real- 
ized by airframes constructed of the materials 
of ten years ago. In fact, a speed of four miles 
per minute was achieved, together with a non- 
stop distance of 1800 miles. The greater air 
loads to which this faster airframe was sub- 
jected 


would have 


reduced the useful load- 


carrying capacity of this airframe had not 
improvements in aerodynamic smoothness kept 
apace. This four-mile-a-minute airframe car- 


ried engines, instruments and accessories 


slightly heavier than the airframe weight, as 
well as fuel for an 1800-mile flight plus payload 
equal to 1.6 times the airframe weight a total 
of approximately 3.7 times the airframe’s weight. 


We have much faster aircraft today. The 
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airframe of today travels at 
five to six miles per minute 
for nonstop distances of 1800 
miles or more. It supports 
engines, instruments and ac- 
cessories equal to 1.2 times 
the weight of the airframe. 
It carries fuel and payload 
together equal to 1.7. times 
the weight of the airframe. 
Thus, it carries a total load 
equal to nearly four times 
the weight of the airframe 
and at a speed almost double 
the speed of ten years ago 
when the airframe carried a 
load only three times its own 
weight. 
advances in aerodynamic 
smoothness have been aided 
by using a stronger material 


than the 24S aluminum of wraduated teom 


Mines in 1924 
alloy with sin in 1927 
tensile strength of 70,000 psi 


ten years ago namely, the 


75S aluminum 
1. veawrs 
The aluminum indus- “es 
try’s development of this 
stronger material sometimes ston of chief 
looked like a “gift horse to 


Trov” to the airframe indus- more than an accident that the can Let 
, did camera shot 


try. And like the legend of 
yore, a look into the mouth 
of this horse revealed difficult 


above engraving 


problems to be reckoned with 
before the gift became fully 
assimilated. The new, tice, say we 
stronger 75S alloy was not 
us easy to form as the lower-strength olde 
material. The new 75S alloy was not as easy to 
join together The new 75S alloy was not as 
easy to heat treat. The new 75S alloy was not 
as easily designed into a part. These problems 
the industry gladly undertook to solve to gain 
the prizes of greater payload, greater nonstop 
distances and greater speed which this 16° 
stronger but no heavier material made possible 
Please remember that this 16°° gain was for 
static loads, but not for fatigue loads 

The steel landing gear of this airframe is 
not vet as “efficient” as the 70,000-psi. aluminum 
“efficient”, the three- 
times-heavier-than-aluminum steel would need 


components. To be as 


to be used at a 210,000-psi. strength level 

possible, it is true, with the conventional 
S.A.E. 4340 steel, but 
with misgivings in the minds of many designers. 


chromium -molybdenum 
Its lowered ductility and impact resistance when 
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Leo Schapiro 


In this progress the : io is the first of the papers read 

at a series of 
in Oakland, Calif 
ern Metal Congress 


notable mectings the steel industry 
. during the West 


last month. Leo Schapiro, the author, pe : 
taal Git of rhree companies now offer a 


Ph.D. from Wiscon 


Carnegie-Illinois Steel Corp. for 16 
In 1944 he joined Douglas's 
engineering staff, and after several 
promotions reached his present posi 
metallurgist of the 
Santa Monica Division. It may be 


from which the 
was made showed 
a desk clear except for two maga 
zines: Journal of the leronautica that they do not 
Sciences and Metal 


tine combination of theory and prac 


heat treated to strengths of 
210,000 to 220,000 psi. are, In 
the view of many airframe de- 
from the 
flight-tested 
ductility and impact resistance 
of 4340 at strengths of 180,000 
to 200,000 psi 


signers, too fat 


time-tested and 


Thus, a re- 
quirement was born for a steel 
at over 210,000-psi. strength, 
simultaneously with ductility 
and impact resistance not less 
than the ductility and impact 
resistance of S.A.E. 4340 when 
the latter is heat treated to a 
180,000-psi. strength level 
This requirement has only 
recently been presented, and 
should be 


complimented on the speed 


ind Exposition . 
I 3 with which it was fulfilled 


230,000-psi. steel whose duc- 
worked for tility and impact resistance 
are not less than those of the 
time-tested S.A.E. 4340 at an 
180,000-psi strength level A 
look at their properties should 
prove to be of interest 

us first look at thei 
representative chemical analy- 
ses (Table I It is apparent 
readily fit 
into the S.A.E. numerical clas- 
While the 


alloy 


Progress " 
Sification system 
differences in content 

may appear striking, the low 
carbon content is especially interesting. It is 
deliberate effort to 
improve weldability It is interesting to not 


not accidental, but is a 


that the lowered carbon content has not resulted 
in lowered hardenability. End-queneh harden- 
indicate that any of them 
will harden to the center of a 4-in. round, which 


is the largest shape 


ability tests, Fig. 1, 


an airplane designer may 
require. The lower as-quenched hardness results 


from the lower carbon content: this difference 


disappears after the usual tempering operation 


which brings them to the common strength level 
of 230,000 to 245,000 psi 

Ductility values are presented in Table 1 
to illustrate the comparison with S.A-E. 4340 
steel at both 180,000 and 230,000 psi. strength 
Its ductility at the high-strength level may not 
appear to be too markedly lower than at lowet 
strength but this effect, 
coupled with the lowered impact resistance, was 


(after higher tempering 





Table I — New Steels With High Strength, Ductility and Toughness 


unnotched and notched 





Hy-Tur (a) B-514 (db) 
Analysis 

Carbon 

Manganese 

Silicon 

Copper 

Chromium 

Nickel 

Molybdenum 

Vanadium 


0.75 
1.85 
0.45 
0.10 
Properties 
Ultimate strength 
Yield strength (d) 
Elongation in 1 in. 


235,500 
196,700 
23.5% 
14.0 
49.2 


228,700 
184,100 
14.0% 
in 2 in. 
Reduction of area 


12.0 


54.8 47.8 





Cr-Ni-Mo-\ 
rypr 2 (ce) 


247,500 


222 000 


specimens. These data 
that 
effects are no 


illustrate notch 


S.A.E. 4340 (Datum) 
greater 
for the new steels than 
for the old under alter- 
nating load 
While the 
going details 


the 


high-tough steels may 


fore- 
regard- 
ing high-strength 


seem to praise them 
rather highly, it is im- 
portant to 
that the 


toughness of 


180,000 
174.000 
23.4% 
14.0 
$5.0 


236,500 
212.000 


remember 


useful high 


these 
10.0 


85, () steels is only present 





(ai Made by Crucible Steel Co. (c) 
(bs) Made by U.S. Steel Co. (d) 


a mental hurdle to overcome, if not, indeed, a 


real one 
Impact Resistance 


STREI TENSILE 


Temp. CHARPY 
4340 (a) 50° F. 38 
4340 (b) 50° F 15 
Hy-Tuf 5 35 
“ 28 
514 ou 29 
i 28 
100 - 26 
a’ Tempered to 180,000-psi. tensile strength. 
(b?) Tempered to 235,000-psi. tensile strength, 


k 
bk 
k 
100° F 15 
F 
k 
Fk 


Fatigue resistance of these steels is yet to be 


mentioned Axial-load, tension-tension fatigue 
tests with a ratio of minimum to maximum load 
of 0.25 are Fig. 2, both 


presented in for 


hig. 1 
That 
ability 


Jominy End-Quench Tests Indi- 
New Steels Have High Harden- 
Depth of Hardening). Level of hard- 


ness corresponds lo respective carbon contents 


cate 





SAE 4340 

















Made by Republic Steel Corp 
Psi. for 0.2% 





at the high-strength 
level. At 
strength, the new steels 
not different 
$340 or other constructional alloy steels 


lower 
off set. 


are from 
S.A.E 
One complication faces the airframe indus- 
try in the high-strength steel 
namely, one of specification interpretation. — It 
will, no doubt, be This 
cerns the tempering temperature. To 
the 235,000-psi. strength level, Hy-Tuf steel is 
oil quenched from 1600° and tempered at 550° F 


use of such 


resolved readily con- 


achieve 


This tempering temperature is within the blue- 


brittle range for S.A.E. 4340 or other previously 


used constructional steels, and is therefore not 
permitted by government specifications govern- 
ing heat treatment. This temperature, however, 


is not within the blue-brittle range for Hy-Tuf 


Fig. 2 ixial Tension Fatigue Life (Mini- 
Stress 20% of Maximum) for 4340 


and Hy-Tuf, Both Notched and U nnotched 


Specimens at Indicated Strength Levels 


mum 
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steel and therefore results in good ductility and 
good impact resistance. No doubt the official 
specification will some day recognize the differ- 
ent blue-brittle range of this unique chemical 
analysis and it will be re-worded. 


Tomorrou "s N eeds 


Having discussed the developments which 
are in today’s airframe, let us try to look into 
the airframe ofl 


tomorrow. Speeds in excess 


of six miles per minute may be a reality for 
transport airframes sooner than one dares to 
predict. Advances in 


aerodynamics may enable 


Fig. 3 
the airframe to sustain for 


these greater loads with- 


out using a stronger-vet- 


Tensile Stress-Strain Curves 
“Commercially 


and One of the Stronger 


structural material may need to be one that is 
not only stronger than 75S on a strength-weight 
basis, but also one that has little loss of strength 
at aerodynamic-friction temperatures 

Because of this possible uncertainty, we now 
stare wide-eyed at the much discussed “wonder 
With a density twice that of 
75S, may it give us 20 
strength of 170,000 psi 

The “commercially pure” metal is short of 
this goal by almost 100,000 psi., 
strength, it is not uniquely 


metal”, titanium 
more strength? \ 


would be required 


and, at this low 
useful to the air- 
frame industry as a structural material. It is 
finding some use in ele- 
vated temperature re- 
Titanium gions not exceeding 800 
fllovs F. as a substitute for an- 


Pure™ 


nealed stainless steel; at 





not-heavier structural 
material. The first phase 
of this development may 
occur in that manner, 
but the second phase will 
likely require the use of 
a stronger material. 

To retain supremacy 
as the primary airframe 
structural material, alu- 
minum has already been 
produced in an alloy 8 to 


10 stronger for static 





equal strength it 
one third the weight. But 


the airframe 


saves 


industry 
will feel the full impact 
metal tita 


when it 


of the new 

nium if and 
becomes a structural ma- 
terial at 170,000 psi. or 
This 


goal may actually not be 


vreater strength 


too far away, since sev- 


eral alloys are already 


being intently studied, 





loads (but not for fatigue 


loads) than the present 
79S alloy. While the 
new alloy is not yet commercially available, and 
since the airframe industry is not yet ready to 
use it, the 


aluminum industry is studying this 


new alloy to determine what new production 
problems must be faced in forming, joining and 
heat treating. 
However, we must ask ourselves whether a 
10 increase in strength without an increase in 
weight will meet the future requirements. As 
we look back over the past ten years, we are 


reminded that it took a 16 stronger material 
to help us advance from three miles per minute 
Will a 
increase in strength serve for 


to more than five miles per minute 
prospective 10 
the next advance 
One important new consideration is now 
present. As speeds exceed six miles per minute, 
aerodynamic skin friction will heat the surface 
of the airframe somewhat above ground temper- 
ature. Depending on actual speed, the skin may 
reach 300° F., and at 


strength of 


such a temperature the 


even the high-strength aluminum 


alloys is not particularly useful Our next 
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varying in strength from 

trair 140,000 to 180.000 psi 

The needs of the airframe 

industry require that a high-strength titanium 
alloy be commercially developed. 

It should not be inferred that this develop- 

ment is awaited with wide-open arms as one 


would welcome the return of a much-missed 


friend The new alloy may give the airframe 
even than did the 


The forming, 


industry greater problems 


aluminum alloy 75S joining and 


heat treating of “commercially pure” titanium 
difficulties A strong 


titanium alloy may offer even greater difficulties 


has been fraught with 
A look at two stress-strain curves will illustrate 
this In Fig. 3 is a stress-strain curve for a 
“commercially 
150,000-psi 


pure” titanium and one for a 


alloy. The low ductility and rela- 
tive ratio of yield to ultimate strength of the 
“commercially pure” titanium are respectively 
lowered and raised still more in the alloy soth 


of these indicate difficulties in 


forming But 
the airframe industry is slowly but surely alter- 
ing many of its operations from room temper 
ature ‘cold 


temperatures 


work” to moderately 


“warm work” 


elevated 


, and the revisions 





necessary to handle new construction materials 
may not be really severe. 

A second possibility may be a new magne- 
sium alloy. At two thirds the weight of alumi- 
num, magnesium at a strength in excess of 
$5,000 psi. can be a desirable construction mate- 
rial especially since its loss in strength at 
aerodynamic-friction temperatures is not as 
great as is aluminum’s. However, the airframe 
industry has slowly nibbled at the problems 
attending the forming of magnesium but has not 
vet digested this subject. A more “formable” 
magnesium alloy with the desired strength is 
therefore an 


7to9 


interesting development. Some 
of lithium seems to improve formability 
by creating a cubic phase in this otherwise 
hexagonal metal 
Added 


strength to the desired levels but also detract 


However, the alloy is of low 


strength alloying elements improve 


from formability 
Speeds in excess of six miles per minute 
skin- 


additional besides 


friction temperatures 


present an problem 
Such speeds will prob- 
ably be attained by the use of gas turbine power 
To the 


airframe industry, mounting the power plant 


plants in place of reciprocating engines 
within the fuselage instead of outside the air- 
frame is one possible configuration and_ this 
presents an additional problem. Insulated as 
the jet within the fuselage, 
radiant heat is sufficient to raise the temperature 
of at least some of the fuselage structure to 
approximately 600° F. 


engine may be 


Thus, again, the search 
is on for materials to “pay their way” on a 
strength-weight basis at this temperature. The 
high-strength titanium alloy when developed 
may fill this need adequately. In the interim, 
the garden varieties of 18-8 stainless steels have 
been used in their harder, cold rolled tempers 
This has been the 


only available material for the application and 


to pay their way weightwise 


it has been totally inadequate. 


Forming operations with these hard tempers 


have been more than a headache — they have 


been dangerously close to being a total loss 
Breakage in forming has been inordinately high 
Other difficulties arise from the fact that the 
cold worked tempers have guaranteed minimum 
strengths, vet the maximum strengths have been 
too varied to permit a die to serve adequately 
from one shipment of material to the second 
shipment.* 


*Epitror’s Foornort At the same meeting in 
Oakland a paper was read describing equipment for 
grading formability of austenitic 18-8 by measuring 
its magnetic susceptibility a measure of the fer- 


rite in the cold worked microstructure. 


There is now hope for a solution to this 
problem. The precipitation hardening stainless 
steels offer the desired high strength and oxida- 
tion resistance as well as the particular advan- 
tage of being formable in a condition softer than 
the final strength rhree such steels are now 
commercially available; 
tility 


Elongation in a 2-in. gage length is fairly good; 


their strength and duc 
properties are particularly interesting 
while this figure is hardly an adequate guide to 


formability, it is sufficiently indicative to 
emphasize the more formable character of the 
precipitation hardenable steels in contrast with 
cold worked stainless. Improving the form 
ability of 18-8 with subzero forming is a devel 
opment that has not yet reached commercial 
operation.) Of the three precipitation harden- 
able steels, the 17-7PH is finding the greatest 
application, in view of the high strength to 
which it can be treated, coupled with its ready 


formability before hardening 


Conclusion 


These comments have only covered major 


trends in airframe materials and have not 
included specific airframe parts for which other 
metals than those mentioned are being used or 
being developed. The time hardly seems ade- 


quate to cover these details 





> 


ane 


Spherical Pressure Tank 


Welded From Stainless Plate 


\ ELD FABRICATION and the use of an “exploded” cube design provided the combination 
needed to obtain high strength at relatively low weight in this spherical tank. The 
storage vessel made by Research Welding and Engineering, South Gate, Calif., for use 
by the U. S. Air Force in rocket-propelled aircraft experiments is designed to hold 
200 gal. of liquid nitrogen at 5500 psi. at 340° F. Weight of the 54-in. diameter 
sphere is 7500 Ib.; alternate proposed designs would have ranged in weight up to 
15,000 Ib. Its 3!1-in. thick plates of Type 347 stainless were joined by multiple-pass 
are welding using a lime-coated 18-8 type rod Following the welding operation the 
sphere was annealed by heating it for 3%. hr. at 1950° F. and then quenched with the use 


of internal and external high pressure water spray 


mh 
Paistsine and beveling of the shaped plates was done simultaneously using the Linde 
powder cutting process. Use of the flame cutting machine saved an estimated 30 days’ 
fabrication time. Slag and residue left by the trimming operation were removed by 


grinding after which the plates were pickled to safeguard against contamination 














TLL aa 


Bu KING strips held the parts in place until 


the root weld could be made First weld 
passes were made with Heliare welding; joints 
were filled by multiple-pass are welding using 
a General Electric Type 1347 coated rod 
Approximately one ton of weld rod was used 
to join the plates. Tank was made from six 
38 x 38-in. plates which were heated to 1700° I 


ind press forged to 22.500-in. spherical radius 


’ 
G ‘MMA ray and a dye penetrant method called 
“Dy-Check” were used to test the welded joints 
These inspections were made after the Heliar« 


welding and as the welds were built up ~ 


{pril, 1951: Page 517 





Metal Failures 


in Aireraft 


a 

| HE failure of metal components in aircraft 
structures has been the subject of much 
research and many technical publications. For 
the most part these studies have dealt with the 
problem from the design and manufacturing 
standpoint. It is felt that this situation tends 
to distort the over-all picture in the eyes of 
many metallurgists. The relative importance 
that a metallurgist may give a tagged part, as 
received in the laboratory, may be quite dif- 
ferent to that given it by a maintenance engi- 
neer in the field. 
portray 


This article endeavors to 
the problem from the maintenance 
viewpoint. The cases cited should in no way 
be taken as a statistical survey but only as 
representative samples which were encoun- 
tered in the field. 

Metals comprise a very large 
of all highly 


percentage 
stressed parts in an aircraft, 


Fig. 1 Rivets Securing the Metal Skin of 
an Elevator Failed During Abrupt Maneuvers 
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regardless of whether or not the airframe 
is categorized as all metal or a composite 
structure. The study of metal failures 
in these structures is important because 

1. The safety factor is much lowet 
in aircraft than with most other strue- 
tures, due to weight saving being all- 
important. Sections are decreased and 
the stress intensity increased to the limit 

2. The failure of a relatively non- 
important part in an automobile or a 
stationary machine usually entails very 
little general damage and at worst a shut- 
down. An equivalent type of failure in 
an aircraft may lead to disastrous results 

3. An aircraft is more carefully engineered 
with a view to preventing metal failures than any 
other general type of structure. This is necessary, 
due to the consequences that may follow even a 
minor type of failure as mentioned in 2. Human 
life, valuable equipment, and a concern’s reputation 
depend on the proper functioning of a multitude of 
parts to a much greater extent than we 
encounter in 


normally 
most machines. Consequently, if 
effort is expended in the direction of failure con- 
trol, results are expected 

Investigation of Failures A metallurgist 
involved in an investigation should bear in mind 
the background of the failure and endeavor to 
obtain as much unbiased information as possible 
that will assist him. He should realize that he is 
examining, for the most part, samples which are 
preselected with respect to the whole failure popu- 
lation. Many failures are not brought to his atten- 
tion unless unusual circumstances arise such as 
fatal accident. 


a 
The place to obtain a true perspec- 
tive is on the field where operational failures are 
first encountered. Chief concern of a maintenance 
engineer is serviceability. The term, serviceability, 
may be defined as “the percentage of the time that 
an aircraft is in an airworthy state over a given 
period”. The effectiveness of any individual air- 
craft in service may therefore be measured by its 
serviceability and its flying intensity. 

Realization of profitable operation from the 
maintenance standpoint requires an efficient organ- 
ization and eternal vigilance. Metal failures are a 
contributing factor in lowering serviceability and 
Many 
minor and commonplace failures take their toll in 


in demanding this high degree of vigilance 





the grounding of aircraft in addition to those 
better publicized ones which have, perhaps, been 
involved in special investigations. 

The channels through which information 
travels may contribute certain contradictory evi- 
dence to the metallurgist. To illustrate this 
point, take a hypothetical case of some broken 
part. A mechanic brings the failure to the atten- 
tion of the maintenance engineer. Two questions 
arise in the engineer's mind; what caused the 
failure, and who is responsible. The cause may 
or may not be determined in the field. Some 
breakages, especially those in badly damaged 
structures, defy solution 

Keep in mind that the average maintenance 
engineer is not a trained metallurgist, nor has 
he the time or facilities to examine the part 
metallurgically. He tries to determine from the 
available facts if his maintenance was responsi- 
ble, and if so, how he can avoid future trouble 
of similar kind. It is only natural that a defensive 
attitude be adopted regarding the work which 
he is supervising. This sometimes results in the 
suppression of information if it reflects poorly 
on maintenance 

An additional cause of lost statistics is the 
assumption by a maintenance engineer that the 
breakage was fair wear and tear, and hence no 
damage resulted. Therefore, the part is replaced 
and the subject is dismissed. It is easy to con- 
demn the maintenance engineer’s judgment of 
the failures he reports However, he cannot 
debate for hours the merits of initiating a fail- 
ure report and still keep up his other duties 
His main objective is to get the aircraft back to 
duty and then worry about the paper work. 

Next, assuming maintenance is not to blame, 
Has the pilot 
overstressed the part accidentally or 


what about abuse by the aircrew? 
deliber- 
Information on this phase is often hard 


> 


ately 


to piece together and occasionally demands 


extensive sleuthing. Let us categorize our fail- 
ure as being sufficiently important to warrant 
reporting. A defect report of some type is drawn 
up and forwarded to higher authority in the 
organization. The original information gathered 
at the field plus comments en route eventually 
reach the manufacturer. 

Field representatives of the manufacturer 
often short-circuit this route, of course, by 
direct reporting. The maintenance engineer may 
have questioned the design or indicated some 
defect in workmanship of the part. It is quite 
conceivable, on a failure where the responsibility 
is hard to assign, that considerable discussion 
may arise between designers, production staff 


and metallurgists, with the pilot and maintenance 


Fig. 2 Seven Engine Mounts Failed at Weld 


Cluster Under Mounting Pad. Poor welding tech- 


nique is responsible for weak zone alongside weld 


engineer being dragged over the coals in absen- 
tia. This discussion is good if it is constructive 

It is not intended from our discussion to 
create an impression that every aircraft failure 
receives the attention or is as controversial as 
our hypothetical part. Complete cooperation is 
necessary, however, if confusion and = contra- 
diction are to be avoided. A reasonable solution 
can be arrived at only if all parties concerned 
give full and accurate reports on their phase 
of the problem rhe man in the field does not 
know all the answers nor does the man in the 


design office or on the production floor 


Failure of Components 


An airplane is far from being a “deacon’'s 


masterpiece”, even up to the time of its first 
major overhaul As an aircraft continues in 
service, a continual struggle is waged to hold 
defects and failures under control. The nature 
and frequency of metallic defects vary, of course, 
with different types of aircraft, their age, duties, 
maintenance and other factors. Excluding out 
right overstressing, the common failures such 
as might be due to fatigue, corrosion or weat 
will be composed of two general types. First, 
those accidental types of failure which we try 
to avoid, and secondly, those anticipated failures 


which are the result of deliberate design 
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An aircraft is generally designed for some 
For example, a World 
War Il bomber had an expected life of under 
200° hr. commercial transport is 
expected to fly 20,000 to 30,000 hr. An aircraft 
designer, unlike his counterpart in other trans- 
portation fields, 


approximate service life. 


whereas a 


certain 
parts down as low as possible with the result 


normally dimensions 
that they have a corresponding shorter life. This 
necessitates that many parts be replaced peri- 
odically during service rather than have to carry 
the extra weight of longer lasting parts through- 
out the entire life of the aircraft. 

The methods employed to estimate the safe 
life of certain aircraft components, such as main 
spars, is very empirical and is currently the sub- 
ject of This 
entire business of compromise between perform- 


much research and discussion 


ance and life throws a heavy load on aircraft 
maintenance, whose standards must be high if 
operations are to be carried on successfully. 

A cursory survey of publications (and the 
existence of many photographs depicting broken 
parts) will usually convey to the reader the idea 
that it is the highly stressed components such as 
propellers, crankshafts and which 


gears give 


most cause for concern. It is true that occa- 
sionally these parts do give trouble but probably 
not nearly to the same extent as in the earlier 
days of aviation. As a result of the great atten- 


tion these parts have received from research, 


design and production personnel, they perform 
remarkably if given reasonable maintenance 
The same degree of effort could well be 


spent in improving some of the more common- 


care 
place components. A few specific areas where 
additional attention should be focused are: 
Exhaust Systems — These are all too often 
a source of continual trouble. True, they do not 
as a rule cause damage or fire which may 
an aircraft. Nevertheless, the man-hours 


spent in checking, 


destroy 
patching, and changing such 
items as stacks, collector rings, support brackets 
and tailpipes is far too high. A_ well-designed 
exhaust system should be capable of taking an 
engine through to its complete overhaul without 
the excessive amount of maintenance that most 
of them now demand. Except for low powered 
engines, the use of mild steel has generally given 
way to other materials, although its low cost, 
good formability and weldability were excellent 
despite its short life. The authors are not quali- 
fied from personal experience to compare the 
performance of ceramic coated exhaust systems 
with others in current use. The vast majority 
of high output engines now employ an 18-8 type 


stainless steel or else Inconel. The use of Inconel 
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from a maintenance point of view ts most 


strongly recommended 
Excellent exhaust systems can be tabricated 


out of stainless steel, as countless technical 


this, 
materials, welding and heat 


papers have described. To accomplish 
tight control ove 
treatment must be exercised. Many points such 
as the use of correct welding rod, properly sta- 
bilized base material, prevention of zine pick-up 
from the forming dies, and avoidance of carbon 
pick-up due to flame adjustment or carbonaceous 
material in the rod coating must be watched. It 
has been the writers’ experience that during war- 
time this degree of control is not achieved in 
Inconel on the other hand is rela- 
immune from these difficulties with the 


result that it outperforms stainless 


many cases 


tively 


Fig. 3 Fatigue Failure in Coupling on Coolant 


Line Stopped Engine Within a Few Seconds 


Although the initial cost of Inconel is greater 
than stainless, and its value from a_ strategic 
point of view is a wartime drawback, it is the 
finest exhaust system material available. Inconel 
will invariably last throughout the 


overhaul time of an engine with 


complete 
little if any 
repairs. The reduced maintenance, increased 
reliability and longer life 
that of 


material than stainless 


usually 3 to 4 times 


stainless) make it a 


more economical 
In support ot the wider 
use of Inconel, it has been the writers’ experience 


on several airfields where Inconel and stainless 


exhaust systems were in use on the same type 
of aircraft that all 


crashed and time expired engines were carefully 


Inconel components from 


removed for spares to replace stainless parts as 


soon as convenient. This action on the part of 


maintenance personnel gives a 


better clue to 
actual performance than most tests 





General Sheet Metal Work Practically all 
common aircraft sheet metal failures involve the 
presence of high internal stresses. The use of 
insufficient bend radii is frequently a source of 
trouble 


Many components are left in a high 


state of internal stress after forming. The con- 
dition is often further aggravated by riveting of 
welding during assembly. This leads to possible 
failure by fatigue or stress-corrosion cracking 
Although most failures of this type are readily 
spotted and are seldom disastrous, the man-hours 
consumed in repairing or replacing these com- 
ponents are not often appreciated 

Torquing of Bolts and Studs 
due to the improper tensioning of dynamically 


The failures 


loaded bolts and studs are largely the responsi- 
bility of 


classic example of a type of failure that is sel- 


maintenance personnel. This is the 
dom, if ever, reported on for reasons previously 
mentioned. There are far too many bolts and 
studs broken needlessly in service that we never 
hear about. The development of a foolproof and 
simple device for ensuring proper bolt tension 
would be a great boon in maintenance 

Engine Mounts —Currently this item is 
receiving more attention but to date we have 
not given it, and particularly the welded mounts, 
sufficient study. It is obvious that the resistance 
to fatigue must be high for such a vital part as 
this. Many engine mounts are difficult for main- 
tenance personnel to thoroughly check on daily 
and minor inspections Cowlings must be 
removed and even then the engine with its acces- 
sories, controls and plumbing frequently presents 
a formidable obstacle for visual examination 

Welding Probably no tech- 
nique relies so heavily on the skill of the indi- 
vidual as welding 


fabricating 


This fact is important in 
aireraft construction because so many different 
alloys are welded and for the most part they are 
all relatively thin sections. Welding is often at 
the bottom of difficulties encountered in engine 
mounts, exhaust systems and to a lesser extent 
in sheet metal work. The majority of failures 
in the field usually can be laid against the weld- 
ers technique rather than the design or mate- 
rials used. Careful inspection of welds and con- 


tinual supervision of the welders are essential. 


Responsibility for Failures 


\ number of metal failures encountered in 
service are illustrated in the accompanying 


photographs. These failures are very briefly 
A limited number of them have been 


metallographically by the 


described 
examined authors 


No correlation should be drawn between the fre- 


quency of any particular type of failure and the 
number of illustrations shown. The photographs 
were selected to portray a typical cross section 
of the types of metal failures which a mainte 
nance engineer must size up in order to decide 
what action is necessary 

The division of responsibility for metal fail- 
ures is a very difficult problem as has been indi- 
cated previously. No definite line can be drawn 
due to the presence of so many variables. Dif- 
ferent types of aircraft, different manufacturers 
and different kinds of operations all complicate 
the picture 

Responsibility for failures may be assigned 
to (a) design, (b 
nance, (d 


manufacture, (<« mainte- 


pilot abuse and unknown. Based on 
operations over a five-year period with about 
900 aircraft ranging in type from small single- 
engined elementary trainers to four-engined 
found that 50° of the failures 


could be attributed to design, 25 to manufac 


bombers, we 
ture, 15% to maintenance, 10 to pilot abuse 
and unknown. These percentages are general 
approximations and are not the result of a sta- 
tistical survey 

To the designer falls the initial problem 
and his action, more than that of anyone else, 
contributes to the resultant product. The mate- 
rial specifications, the finishes demanded, the 
heat treatments specified, and the care taken in 
the design of all components on fillets, oil holes, 
splines, threads, fins, changes in sections and a 
multitude of other detail may make or break an 
otherwise excellent structure 

The most perfect design can easily be ruined 
by poor production methods and processes 
Incorrect heat treatments, substitution of inferior 
materials, grinding cracks, scratches, tool marks, 
poor machining, careless handling and inspec- 
tion, all contribute their share of potential grief 

The statement that “an aircraft is as good 
as its maintenance” contains a great deal of 
truth and has a direct bearing on the perform- 
Probably 


the most important phase of maintenance in this 


ance of metals in aircraft structure 


connection is the exercising of preventive main 


tenance and thereby preventing or catching 
potential failures before they have caused dam- 
age. Maintenance also plays an important part 
in overcoming corrosion problems. The malad- 
justment of components, carelessness in handling 
parts and tools are additional ways in which 


metal life is shortened. One of the mo«! serious 
problems of all is that of maintaining the correct 
tension on all dynamically loaded bolts and 
studs. The total percentage of failures attributed 


to maintenance is markedly affected by wartime 
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conditions where skilled personnel are usually 
well diluted and working conditions and facili- 
ties are not comparable to scheduled airline 
standards. 

Despite careful investigation, a small per- 
centage of failures is due to unknown causes. 
Badly damaged structures account for most of 
this category. Pilot or operator abuse is another 
cause of failures which is often exceedingly dif- 
ficult to allocate. The finest of machines may 
be needlessly overstressed, abused or generally 
pulled apart by careless or indifferent pilots 

So far the role of the metallurgist has not 
been defined. His main endeavor in the preven- 
tion of failures is diverted into the first two 
categories, namely design and production In 
these two fields he can contribute a great deal 
if allowed proper scope and given adequate 
cooperation 

In the field of aircraft metal failures, the 
metallurgist has already made large contribu- 
tions. Relatively speaking, he has made more 
than the aeronautical and mechanical engineer 
in this respect. Future progress will depend 
largely on the design and production engineers 
paying more attention to their own detail rather 
than adopting the somewhat lazy attitude they 
have in the past of demanding of the metallurgist 
some new material, alloy or treatment to pull 
them through. 

As has been pointed out by J. O. Almen 
“Fatigue of Metals as Influenced by Design and 
Internal Stresses”, Surface Stressing of Metals, 
A.S.M., 1946, p. 33), the metallurgist is respon- 
sible for only 10% of all metal failures. This 
does not mean that the metallurgist can relax 
but he must convey some of his specialized 
knowledge to the designers and assist them in 
cleaning up their designs from a metallurgical 
aspect and controlling the production job 


Suggested Failure Control Methods 


The statement has been made that our basic 
aircraft structural materials are no stronger now 
than they were in the days of World War 1. It 
is true that certain aluminum and magnesium 
alloys have increased slightly in strength but, 
nevertheless, the general conclusion is still valid 
Despite our increased knowledge of the metallic 
state, no super-alloy development appears immi- 
nent. Remarkable strides have been made in 
production methods, fabricating techniques, 
quality control and other fields which in turn 
have improved the reliability of metals in serv- 
ice to an extent which permits greater utilization 
of existing strength in design. Over this period 
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from the 1914-18 era to the present time, as we 
all are aware, the performance and size of air- 
Aircraft 
improvements have come about in many ways 


craft have increased tremendously 


by better design through research and experi- 
ence, improved fabricating techniques, and _ bet- 
ter engine power-weight ratios 

Through all this period of development, 
metals have been called upon to give more and 
more in the way of strength, increased life, reli- 
ability, corrosion resistance and ease of fabri- 
cation. Current design trends are not lessening 
this pressure but rather increasing tt, particu- 
larly with respect to the fatigue resistance of 
dynamically loaded parts. In many applications 
the metallurgist finds the law of diminishing 
Apart from the 


results of long-range metallurgical research, all 


returns operative in his sphere 
immediate gains in the metal performance will 
have to come through all branches of engineer- 
ing adhering to proven practices and 
greater attention to detail 


paying 
The following recommendations are made 
toward eventual reduction of metal failures in 
aircratt 

1. Cooperation of all concerned in giving 
accurate and prompt reports on all failures; 
this to be followed by a thorough investigation 
and suitable corrective action. The paucity of 
defect or failure reports received from the field 
should not be used as a criterion of good 
maintenance 

2. Much educational work remains to be 
done with designers, 


production and mainte- 


nance personnel. Education is a prerequisite to 
proper and accurate reporting. The “erystalliza- 
tion myth”, for example, is still all too prevalent 
in industry today. 

Despite the fact that research has not vet 
given us complete answers to such problems as 
fatigue, stress corrosion and others, we do have 
enough information to guide us along well-tried 
practices. If all aircraft parts were given the 
respect that propellers receive, the problem 
would be well in hand 

3. The future need is to consolidate out 
present control over the highly stressed parts 
such as propellers and then progress system- 
atically through the entire structure, cleaning up 
on the multitude of parts which still require 
further work on them 

4. The dividing line between the responsi- 
bility of the designer, production engineer, main- 
tenance engineer, and metallurgist should not 
be drawn up rigidly, but all should cooperate 


wholeheartedly in this overlapping area to 


achieve the maximum result 6 





Is the Reduction of lron Ore by 


Hydrogen a Commercial Possibility ? 


Highly Doubtful 


in America 


pra CTION of iron oxide by hot hydrogen 

gas at moderate temperatures has been pro- 
posed in patents and technical literature from 
time to time. For example, Harry McQuaid, in 
his interesting review “Ten Years in Steel” pub- 
lished in the January 1951 issue of Metal Prog- 
ress, writes, when commenting on the gyrations 
in the scrap steel supply and price: “Recent 
proposals for high-temperature cracking units 
for natural gas which make hydrogen (and car- 
bon black) at an extremely low cost may be one 
Lightly briquetted, finely divided mag- 
netite concentrates can be completely reduced 
at relatively low 


answer. 


temperatures by hydrogen. 
This seems to offer an almost pure iron charge 
for the electric furnace or openhearth, and be 
the answer to the recurring proposals for ‘direct 
reduction’ of iron ore.” It is well to remember, 
however, that even if a reliable source of cheap 
hydrogen were available there would be some 
rather irritating difficulties to be overcome. 
The first difficulty is that the reduction of 
iron oxide by hydrogen is very strongly endo- 
thermic. This, unfortunately, means that large 
quantities of heat to supply the reaction must 
be transmitted by the hydrogen gas in addition 
to the heat required to bring the ore up to tem- 
perature. If any considerable proportion of the 
required heat is supplied by external burners, 


By P. E. Cavanagh 
{ssistant Director 
Department of Engineering and Metallurgy 


Ontario Research Foundation 





Yes— With New Process 
for Cheap Hydrogen 


T WAS interesting indeed to read Mr. Cava- 
nagh’s remarks about the direct reduction of 
iron ore by hydrogen. It is the usual approach 
to this problem: The critic assumes it is fool- 
ish to waste time in trying to reduce iron ore at 
temperatures around 1100° F. This, in spite of 
the very clear data presented by Udy and Lorig 
in the October 1942 issue of Metals Technology. 
They show that the only logical and (1 
believe) the only practical approach to the com- 
mercial reduction of iron ore by hydrogen is to 
prepare a finely divided concentrate which is 
reacted with hydrogen at 1100° F 
reduction of the iron oxide to 
iron in a matter of 30 to 40 min 
Mr. Cavanagh points out the difficulty of 


heating a reduction unit by external burners to 


This will 
insure a 100° 


obtain the desired temperature. To the engineer 
this presents no problem because all that is 
needed to overcome the problem of external 
heating is to heat internally especially since 
we have in hydrogen an ideal medium because 
of its high specific heat. I have seen, many 
times, 500-Ib. charges of ore brought to 1100° F 
in not over 30 min. by heated hydrogen circu- 
lated through the mass. The hydrogen was 
heated in a special but simple heat exchanger 
unit and worked very well as a source of 
temperature control for the ore 


In the reduction, ground and loosely bri 


By Harry W. MeQuaid 


Consultant 
Cleveland, Ohio 
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Cavanagh Is Doubtful 
the walls of the furnace will be much hotter 
than the center of the charge. This is extremely 
undesirable in the shaft type of furnace, since 
the sponge iron produced is uncommonly sticky, 
and the usual experience has been that the 
reduced material will form large clinkers which 
eventually shut the furnace down 

In contrast with this, reduction with carbon 
or carbon monoxide is not strongly endothermic 
and = the 


problem of supplying heat for the 


reaction is not so serious. Even so, eXperience 
teaches that it is usually difficult to supply a 
large proportion of the heat through the walls 
of a shaft furnace, because of the tendency for 
sticking. Hence the success of the ordinary blast 
furnace or at least a prime reason. A surplus 
of coke is mixed with the charge and burned 
right where its heat is needed. 

An excellent illustration of the 


wide difference in conditions during reduction 


practical 


with hydrogen and with carbon monoxide is 
afforded by the method used in the Swedish 
Wiberg-Sodertors method to control the temper- 
ature in the reduction shaft. See Metal Prog- 
ress, May 1950, p. 633. In this process the gas 
CO and 25 H 
the bottom portion of the shaft is very slightly 


is about 75 The reaction at 
exothermic when the proportion of CO is as 
above noted. If the temperature begins to rise, 
there may be danger of sticking in the discharge 
mechanism. When the temperature starts to 
rise the hydrogen content of the reducing gas 
mixture is increased. This immediately tends 
to make the reaction endothermic and brings 
the temperature down. It also increases the 
production rate slightly. This simple but theo- 
retically perfect method of temperature control 
in this process demonstrates in a practical man- 
ner the relative heat requirements of hydrogen 
and carbon monoxide reduction of iron ore 
The more rapid reduction in hydrogen is bought 
at the expense of a great increase in heat 
requirements for the desired reaction. 

There have been many instances where 
investigators have found that they completely 
reduced iron ore with hydrogen at low tempera- 
tures. Most of these results have been on lab- 
oratory seale and in many instances the results 
have been obtained on a particular size of ore 
particle with a particular mineralogical strue- 
ture. In our investigations at Ontario Research 
Foundation we have found to our sorrow that 
such results must be regarded with interest but 
not much enthusiasm. | do not know of any 


instance where a large furnace could be oper- 


Vetal Progress: Page 524 





MeQuaid Is Optimistic 


quetted iron ore concentrates were processed 


according to Udy and Lorig) and no difficulty 
was found in obtaining 100 reduction of the 
briquetted charge in about 3 hr. Judging by the 
results with 500-lb. charges there is no reason 
why charges of 5000 Ib. could not be completely 
reduced in the same time, since the time ts 
governed by the size of the largest grain of ore 
ind its accessibility to the hydrogen 

Mr. Cavanagh mentions that after the ore ts 
reduced it is necessary to prevent reoxidation 
or contact with air. We had this same problem 
in wartime experiments made by Republic Steel 
Corp but only on the first run. By the simple 
expedient of raising the temperature in the reduc- 
tion unit for a short time (5 min.) to 1650°F 
and then cooling it to 200°F. max. (all by 
flow of hydrogen of appropriate temperature 
the other batches produced were 100 reduced 
and 100 


iron today 


stable. I have some of the reduced 
which after four or five years Is 
still fully metallic 

I have read much of the literature on the 
hydrogen and the carbon monoxide reduction of 
iron oxide, and | am fairly well aequainted with 
Madaras 


Youngstown 


such attempts as the 
Republic Steel 
reduction with natural 


Texas and 
efforts at ore 
gas and coke oven gas 
Both of these disregarded the problem ot ore 
concentration, particle size, and temperature 
effects obvious to anyone who will study Udy 
and Lorig’s excellent presentation of this subject 
I would suggest that Mr. Cavanagh should try, 
on any desired scale, the reduction with hydrogen 
of magnetite ore concentrates which have been 
reduced to 100 mesh and then nodulized or bri- 
quetted to any convenient size and baked. By 
heating the hydrogen externally to the reduction 
unit and stabilizing the charge at 1650° F. for 
» min. before final cooling in hydrogen he will 
get 100° 
trouble 


reduction without much delay” or 
Pressure helps; we found about 30 psi 
gage) desirable and practical. The internally 
heated reduction unit was well insulated 

After much careful study and contact with 
the direct reduction of iron ore by hydrogen to 
iron to compete with scrap as a steel melting 
furnace charge, | have come to the conclusion 
that there are certain fundamentals which must 
be followed to make this operation thoroughly 
practical and economical 

First 


or pyrite 


rhe iron ore should be a magnetite 
When ready for reduction the par- 
ticles must be not coarser than 80 mesh rhe 


ore must be concentrated, before reduction. to 
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ated at 
produce any 


1600° F. to 
considerable tonnage of 


a temperature lower than 
reduced 
iron by hydrogen reduction. Reduction cer- 
tainly goes on at much lower temperatures than 
this, but on a commercial scale the reaction is 
so slow that it is impractical. 

The most convincing demonstration of this 
commercial fact is that most annealing furnaces 
which perform the final annealing on iron pow- 
der in a hydrogen atmosphere operate in the 
1450 and 1650°F. This final 
reduction must be performed as cocl as possible 
At lower 


temperatures than these, however, the produc- 


range between 


to prevent the powder from sintering. 


tion from a furnace of practical size is very low, 
being of the order of one ton an hour. 

It may be that, with an extremely fine par- 
ticle size and an unusual ore which has a min- 
eralogical character allowing 


easy access of 


reducing gas during all the reduction cycle, 
some ingenious method might be found to sup- 
ply heat to the process at a sufficiently rapid 
rate so that reduction could be carried on at a 
temperature even as low as 700° F., as suggested 
by Mr. MeQuaid in his article above quoted. 1 
doubt that this type of process could be of much 
importance except for making iron powder 
Experimenters have usually found that it is 
one thing to reduce ore to iron particles, and 
another to preserve these particles in the metal- 
lic state. We have had some experience with 
the annoying pyrophoric tendency of sponge 
iron, particularly when it is fine and has been 
reduced at low temperature. It has been prac- 
tical experience in Sweden for many years that 
sponge iron reduced at temperatures of 1900° F, 
and higher has very much less tendency to 
ignite in the air than sponge iron reduced at 


lower temperatures. Even pyrophoric sponge 
iron can be discharged from the reduction fur- 
nace red hot into cold water without serious 
reoxidation if the water contains lime. 

As the supply of first-grade metallurgical 
coke becomes more limited, we will undoubtedly 
hear about many schemes to revolutionize blast 
furnace practice, and these will include addi- 
tions to the already numerous proposals for 
direct iron manufacture. Present prospects in 
the latter effort do not look very bright. Every- 
one really interested should read Earle Smith's 
paper given before the American Iron and Steel 
Institute in May of 1948 


on tron 


“Experience to Date 
Methods Other Than 
and his later remarks in 
the 1950 Campbell Memorial Lecture before the 


Production by 
Coke Blast Furnace”) 
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contain not more than the desired maximum 
percentage of silica. The process is not self- 
fluxing and the alumina and silica in the ore 
will carry through to the melting unit (or to the 
compact, if the powder is used as such In 
order to use direct-reduced iron to the best 


advantage in the basic melting furnace, the 


silica must be removed by concentration both 
before and after reduction to an amount satis 
factory to the melter 

Second 


ore should be by hydrogen and must follow the 


The reduction of the finely divided 


eyele indicated by Udy and Lorig. This requires 
a temperature of 1050 to 1100°F. for 100: 
reduction and minimum time. In addition it 
must be flash heated to 1650°F. to 
reoxidation 

Third — Heating of the iron oxide particles 
must be done by the 


prevent 


hydrogen and not by 
external means. This is to prevent fusing of 
the charge to the reduction chamber walls 
When the above fundamental requirements 
are met the iron oxide in the form of loosely 
bonded briquettes or nodules can be quickly 
reduced 100% to iron without difficulty and with 
the minimum of supervision or technical skill 
The temperatures used are relatively low, 
the equipment is not subjected to unusual abuse, 
and whatever the batch size the complete reduc- 
tion and stabilizing cycle is less than 7 hr., so 
that three batches can be reduced per day with- 
effort or 


This procedure is well established 


out any great expense except for 
hydrogen 
and can easily be demonstrated 

There is available a large amount of mag 
netite ore suitable for concentration for direct 
reduction but the lack of cheap hydrogen has 
made its use economically unattractive in spite 
of its desirable features, such as an extremely 
low sulphur and phosphorus content and ease 
of charging 

During the latter part of 1950 there has been 
worked out a new and also very simple method 
of cracking natural gas to obtain free carbon 
Each ton of iron 
reduced requires 22,000 cu.ft. of hydrogen and 


colloidal) and hydrogen 
this in turn requires 11,000 cu-ft. of natural gas 
plus extra fuel needed to obtain the required 
Each 11,000 cu.ft. unit 


of natural gas when cracked will produce 350 


cracking temperature 


Ib. of pure finely divided carbon having a sales 

value of at least lé per lb 
There is no doubt in my mind that Earle 

Smith's statement (that the reduction of iron ore 


by carbon in the openhearth is the simplest and 
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@ in Chicago last fall. 


devastating effects of a cavalry charge. 


These papers had all the 
Practi- 
cally everything in sight was hacked to pieces 
and to those who have not become infected with 
the peculiar brand of sympathetic enthusiasm 
necessary for serious consideration of many 
sponge-iron processes, there was nothing left 
alive in the whole sponge-iron field.* His con- 
clusion was that the basic openhearth furnace 
is the best machine for direct reduction, being 
easily capable of reducing 300 Ib. of iron from 
The fly in the 


“charge” ore is 


ore per net ton of ingots poured. 
ointment here is that a special 
needed, and it is none too available 

I think that Earle Smith did a great service 
in clearing the field; nevertheless we feel that 
it is imperative to give serious consideration to 
any new suggestion which is fundamentally 
sound and gives any promise of a radical depar- 


ture from present methods of reducing iron ore. 


*Eprron’s Foornore Unfavorable facts, how 
ever, do not deter the plausible promoter. Govern- 
ment money is being sought to put a World-War-lIl 
baby plant into such shape that it can “produce” 
10,000 tons of sponge iron a day. Why should it 
need lush governmental financing if there were 
much chance it could survive in competition with 


conventional processes? 
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best mechanism) is a logical and easily proven 
one, but this process also has its limitations, 
since ore is added to the openhearth primarily 
metal. The 


economics of such a reduction is tied in with 


to reduce carbon from the hot 
the relative price of scrap and hot metal, and it 
we figure the cost of charge ore, pig iron, fuel 
and repairs incidental to an operation where a 
maximum of ore and pig iron ts on the open 
hearth charge, it may not turn out to produce 
steel as cheaply as though a larger proportion 
of low-carbon steel scrap (or direct iron) were 
melted in the first place 

As a matter of fact, the openhearth is really 
secondary to the electric furnace in the reduction 
of iron oxide by carbon, since the electric can 
and does operate at a higher bath temperature 
and can carry much higher iron oxide in the 
slag. These two factors primarily govern the 
reaction rate of iron oxide and carbon, as every 
melter knows 

Let me close with my conviction that the 
solution of such an engineering problem as this 
will not come by working desperately for many 
hours on the byways and alleys of detail, but by 
sitting back and thinking out the few basic, 


simple fundamentals 





rT 





Lib "ary Use of New Indexing System 


rr 

Die DIVISION of Metal- 
Research of the 
Kaiser Aluminum and Chem- 


lurgical 
Kaiser 
ical Corp. is an organization 
three vears old. Shortly after 
its inception, plans were laid for the collection 
of books, periodicals, and reports into a 
research and reference library 

At about the time this library began to take 
shape, a new outline for classifying metallurgical 
literature by subject was developed jointly by 
the American Society for Metals and the Special 
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By David L. Edelman 
Division of Vetallurgical Research 


fluminum & Chemical Corp. 


Libraries Association The 


system is designed for use 
with a punched-card file, as 

well as with orthodox library 

methods. The punched-card 
index was deemed more feasible for a special 
library such as the one we had in prospect than 
the older, established methods of cross-indexing 
on separate cards, and its installation and use 
were consequently begun in July 1950 under the 
supervision of Miss Alvina Wassenberg, research 


librarian 





The ASM-SLA system* was adopted for the or department head can use them to sug 
indexing of all reports on research work con- indexing headings or coding symbols. At least 
ducted in the Division as well as supplemental one “Work Book” is also provided in each 
information contained in published papers department. (The Work Book is a set of loose- 
related to similar projects. Thus the punched leaf sheets containing the standard classification 
cards in the Kaiser library now include refer- headings and subheadings, so arranged that 
ences to preprints of papers from many engi- additions or revisions can be readily made to 
neering societies, and government reports such suit individual needs.) 
as those emanating from the Bureau of Stand- When an investigator comes upon an article 
ards, the U. S. Bureau of Mines, the N.A.C.A., which he feels will be of value, especially in his 
and the Air Force. More than 700 miscellaneous own field of research, he looks up the proper 
reports and photostatic reproductions of pub- coding in the Work Book and jots it down in 
lished articles, which have been added to the the margin of the first page of the article. Then 
working shelves of the library at the request of in a note attached to the periodical, he requests 
staff investigators, are also adequately indexed that the library prepare a punched card prop- 
on the punched cards erly indexed and carrying an abstract of the 

No attempt has been made to code books subject matter 
and past-periodical compilations which were The same procedure is followed for abstract 
already catalogued according to the Library of bulletins also, thus providing a double check on 
Congress method. The punched cards would articles appearing in journals to which the 
have become overloaded with the quantity of library subscribes. Figure | shows a page in an 
cross-filed information printed in books. — Effi- abstract bulletin with code annotations in the 
ciency of the cards would be reduced without margin and a card punched and abstracted 
any concrete improvement in indexing. accordingly. Adding of published abstracts to 

As a further safeguard against overloading the card file helps greatly to broaden the cover- 
the cards with extraneous material of small age of subjects of particular interest to research 
value, research staff members help the librarian investigators in the Division 
to select published articles and abstracts for Occasionally, an investigator finds that the 
inclusion. When publications enter the library, standard classification outline does not 
the librarian scans them 


ade- 


and notes the code desig- 1463 THE MECHANISM OF CREEP AS HEVEALED BY 1-RAY METHODS, G. B. 
: Greenough and B. M. Smith, Journsl of the Institute of Metale (England) 29 
nation of each article for 77, part 5, neges 435-443, July 1950. A bypothesis is put forward to 9 
which she pl ins to pre- explain in terms of dislocation theory the recent observations of Wilms 
. end Wood (J. Inst. Metals, 75, 693, 1946-49) and of Wood and Rechinger 
pare a eard. Then. as b (J. Inst. Metals, 76, 237, 1949-50) im relation to the mechaniam of the 
deformation of metals. This mechaniam is considered to be closely allied 
psc that ner the polygonizetion phenomenon observed by Cahn (J. Inst. 
tels, 76, 121, 1949-50) 
culated through the staff, ideas. Some new X-ray aunenin a one 


tel evidence in f 
each investigator and de 


these publications are cir- 


partment head has an 
opportunity to suggest 
revisions or additions. A 
number of the booklets 


containing the classifica — 


4 u. SS , 
wh ani Eine T1, #1259» PP 


G. Be Green’ tals, Vol- 
tion outline are available J. Institute of Metals, 


so that each investigator t forward * 


sis is pe* 
**ASM-SLA Metallur 
gical Literature Classifica 
tion”, American Society for 
Metals, Cleveland 
How to Find Detailed 
Information When You 
Want It’, by A. H. Geisler, 
Vetal Progress, May 1950, 
p. 613. 
New Classification 
Outline Gives First Com 
plete Breakdown of Metal 
lurgical Field”, Metals Fig. 1 Page From an Abstract Bulletin With Code Nota- 
Review, February 1950, p. 4 tions in Margin and Punched-Card Slotted Accordingls 
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quately index a particular article or report. 
When this occurs, he discusses the matter with 
the head of his department, and the two of them 
select a new subheading to meet their needs, 
decide under which of the main classification 
headings it belongs, and submit their suggestions 
for expansion of the index to the librarian for 
her final approval. The new subheading is then 
entered in all copies of the Work Book. 

For example, several new classifications 
were needed in connection with remelt studies 
In the aluminum industry, alloying and ingot 
casting are not considered part of the refining 
process as they are in some other nonferrous 
industries. The nature of remelt practices 
indicated that they could be added best to the 
section of the “Processes and Properties” index 
designated “E Three new sub- 
headings were therefore entered in the Work 
Book *, “ES. Fluxes 
and Fluxing”, This change 


Foundry”. 
namely, “E7. Ingot Casting’ 
and “EY. 


major adaptation 


Alloving”’. 
was the only necessary to 
make the classification outline compatible with 
aluminum research. 

Because of the uncertainty of fields and 
phases of research in which the Division will be 
engaged ten years hence, it was deemed advisable 
to minimize the use of fourth-order indexing 
and new headings. Fourth-order divisions are 
added only when unavoidable, consequently there 
is still much room for expanding the system. 

The “Materials Index” section of the classi- 
fication provides a good breakdown for coding 
With the addition of alloy 
as “Alg34", this section is adequate to 


aluminum alloys. 
K-150 
cover most existing commercial alloys. The 
“Common Elements Index”, however, is used to 
classify experimental alloys according to their 
chemical compositions, as well as for other 


metals and have no commercial 


alloys that 
designation provided in the standard index. 

The “Common Variables Index” has many 
uses, as its name implies. It may be used to 
code information on the construction and use 
of specialized laboratory equipment, or to sepa- 
rate reports on different phases of a research 
program according to the influence of various 
factors. Although the entire section will be used 
eventually, the divisions which are currently 
finding most use are those numbered 1, 2, 3, 4, 
10, 11, and 12 


encing factors, wrought metal forms, type of 


equipment and processes, influ- 
literature, form of literature, and language) 
One of the most notable advantages of this 
section is in the handling of patents and patent 
information. Not only is it simple to find 


quickly all references to patents in a particular 
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field, but it is also possible, by adding a sub- 
head, to catalog all former patent searches 

All reports in the library, whether prepared 
in the laboratories, by government agencies or 
other outside sources, are filed in numerical 
order in vertical files with the number of each 
report noted on its corresponding punched card. 
Cards which refer to articles in journals kept 
in the library indicate the issue, volume, and 
located 


journals are stacked on the library shelves in 


page where the article can be These 


alphabetical ordet Cards which relate to 
abstracts also contain page and volume guides 
to the abstract compilations, which are arranged 
on the shelves in the customary chronological 
order. Thus, the librarian can readily locate 
uny pertinent data which has been coded on a 
given subject within a few minutes after an 
investigator requests it 

The system is working out well, except for 
a few weaknesses which have cropped up in the 
classification outline. These can be remedied 
by additions made at the user’s discretion. One 
of these weaknesses from our standpoint is the 
lack of provision in the system for material per- 
taining to the chemical end of metal production 
and research. Some phases of metals chemistry 
can be readily coded in the existing sections; 
quite a few cannot \ few examples of these 
pertaining to the aluminum industry are: Carbon 
studies (related to the electrolytic reduction of 
alumina), eryolite as used in the same process, 
and froth flotation reagents used in ore dressing 
and reclamation work Another weakness, as 
previously pointed out, lies in the absence of 
code designations peculiar to the remelt’ prac 
tices of aluminum production 

The greatest problem of all is expected to 
arise within a few vears, when the number of 
ecards becomes too unwieldy for a complete nee- 
dling of all ecards each time some particular 
reference is sought The librarian plans to 
divide the cards along the lines of the first-order 
divisions of the “Processes and Properties” index 
when the volume of coded material becomes 
unhandy. This should break up the single mass 
into approximately 20 smaller groups of ecards, 
and it is expected that the efliciency of the 
system will remain as great as it is at the 
present time and that it might even be improved 
Some (a relatively few) cards mav have to be 
duplicated where the subject matter upplies to 
more than one main heading 

Although less than a vear has elapsed since 
the installation of this system, the librarian is 


quite satisfied with it and feels that it will serve 


well in its intended sphere Ss 





DUCTILE IRON 
A Revolutionary Metallurgical Development 


DUCTILE IRON is a cast ferrous prod- 
uct which combines the process ad- 
vantages of cast iron with many of 
the product advantages of cast steel. 


No longer in the pilot-plant stage, 
this new material is now produced 
and sold on the basis of specifications. 
Not only are its individual proper- 
ties exceptional, but no other com- 


mon engineering material provides 
such a combination of excellent cast- 
ability and fluidity, with high 
strength, toughness, wear resistance, 
and machinability. 

Actually, “ductile iron’ denotes not 
a single product, but rather a family 
of ferrous materials characterized by 
graphite in the form of spheroids. . . 


a form controlled, in a broad sense, 
by small amounts of magnesium. 
Presence of spheroidal rather than 
flake graphite gives this new prod- 
uct a ductility that is unique among 
gray Cast irons. 


Four important types of ductile iron 
now being produced commercially 
are tabulated below. 





Pearlitic in structure. Provides good mechanical 


wear resistance. 


REPRESENTATIVE MECHANICAL PROPERTIES 
OF COMMERCIAL HEATS OF DUCTILE IRON 


Pearlitic-ferritic in structure. Provides strength and 
Tensile Yield 
strength, strength, 
Grade psi psi 


toughness combined. 
Usual 
condition 


Elongation ; 
per cent BHN A fully ferritic structure usually obtained by short 
anneal of either (A) or (B). Provides optimum 


machinability and maximum toughness 


90-65-02 95 105000 
80-60-05 85, 95000 
60-45-15 65 75000 
80-60-00 85/95000 


70 75000 
65, 70000 
50 60000 
65/75000 


2.5/5.5 
5.5 10.0 
17.0/23.0 
1.0/3.0 


225/265 
195 225 
140/180 
230/290 


Ascast 
Ascast 
Annealed Higher phosphorous content than preceding grades, 


Ascast also higher manganese. Provides high strength and 





stiffness, but only moderate impact strength. 








SOME UNIQUE PROPERTIES 
OF DUCTILE IRON 


1. Its elastic modulus, about 25,000,- 
000 psi, is virtually unaffected by 
composition or thickness... 


2. It can provide a chilled, carbidic, 
abrasion-resistant surface supported 
by a ough ductile core. No other 
single material can combine these 
properties...its only counterpart 
being a tough material coated with 
a hard welded overlay. 


3. As-cast ductile iron of 93,000 psi 
tensile strength has the same ma- 
chinability rating as gray iron with 
a strength of 45,000 psi. 


4. Annealed ductile iron can be ma- 
chined at a rate 2 to 3 times that of 
good quality gray iron. 


5. It can be satisfactorily welded. 


APPLICATIONS 


Automotive, agricultural imple- 
ment, railroad and allied industries 
apply ductile iron, as-cast and heat 
treated, in components too numer- 
ous to detail. 


Machinery, machine tools, crank- 
shafts, pumps, compressors, valves 
and heavy industrial equipment such 
as rolls and rolling mill housings, 
utilize its high strength and rigidity. 


In scores of engine, furnace and 
other parts serving at elevated tem- 
peratures, it provides oxidation and 
growth resistance heretofore un- 
available in high carbon castings. 


Other applications include paper, 
textile and electrical machinery, 
marine equipment, and pipe. 


AVAILABILITY 


Send us details of your prospective 
uses, so that we may offer a list of 
sources from some 100 authorized 
foundries now producing ductile cast 
iron under patent licenses. Request 
a list of available publications on 
ductile iron... mail the coupon now. 





The International Nickel Company, Inc. 
Dept. MP, 67 Wall Screet 
New York 5, N.Y 


Please send me a list of publications on 
DUCTILE IRON 

Name Title 

Company 

Address 


City 


WALL STREET 


THE INTERNATIONAL NICKEL COMPANY, INC. sewvonx 5x1 
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Heat Treatment of Age Hardenable High-Nickel Alloys’ 


Development & Research Division, The International Nickel Co., Inc. 





METAL > 
Time at . FURNACE 

a A! J Cc LING * 

Mareriat Conprrion — Tesepmnarunee Rate or Coot 


ATMOSPHERE 





Anneal for Cold worked 1600 2 to 5 min Preferably quench ; quenchir e€; use dry 
softening 


q datory for sections over ydr n fo r t annealing 
1800 1to3 min = . 








Soft ‘hot rolled, annealed, cold 
drawn over 1's in. diam.) 1080 to 1100 1G hr. (b Average 15 to 25° per hr. down 
900° F. Cooling may be in ® racked ammo 

. ‘ 7 of 100° F., holding furnace semibright hardening 

Age Moderately cold worked ‘cold hr. at each step.* For example 1 a sulphur-free 
hardent drawn to 1's in. diam., half-hard | 1080 to 1100 t hr. /« - a. t 1100° F . 3 h ‘ool to 400° F 
ne strip and wire, cold upset parts or ght r “é mcd , 


from protec- 





“KR” Monel 





and Duranickel 


Pully cold worked (full-hard wire 6tol0hr 
and strip, springs) ; 


“K" Monel 





Material cold worked after age 
Stress hardening, such as coil springs me : - . : ’ l reducing atmosphere if tar- 
equalizing Also used on cold worked parts ' ne Aes nish is to be avoided 
which are not to be age hardened 





2to5 min 
ucts Preferably quench quer 
Annea! for mandatory for sections ¢ 
to3 min “ 
softening Cold worked 1 to3 mi @/. Sections must be quer 
for subsequent age hardening 





use dry 
annealing 





1 to 2 min 





Soft ‘hot rolled, annealed, cold 16 hr./b 
drawn over 1', in. diam.) + 





Age Moderately cold worked ‘cold 
: rdenir drawn to 1', in. diam., half-hard 
ans strip and wire, cold upset parts) 


Permanickel 





. k ' be quen hed a ’ 
Pully cold worked (full-hard wire furnace cooled 
and strip, springs) 





Material cold worked after age 
Stress hardening, such as coil springs 
equalizing Also used on cold worked parts 
which are not to be age hardened 





Softening As-cast Must be quenched /e 





r cracked ammo 
ight hardening 
v ilphur-free 
Purnace cool ate : - “y 
to 400 F 
rom protec 


Age 
hardening 





Annea! for . ‘ ‘ Preferably quench ; quen 
softening Cold worked 1900 to 2000 15 to 30 min datory for sections over 
— 

Solution 
treatment / 





Reducing 
hydrogen 
Any 2075 to 2125 2to4hr Quench 





High-heat 
stress 

equalizing 
High-heat 
aging (h 





Any 1525 to 





Soft ‘hot rolled, annealed, cold 1300 
drawn over 1's in. diam) : 


ked ammc 





drawn to 1's in. diam., half-hard 


Moderately cold worked ‘cold 
Low-heat i on “ me Y i ol or furnace coc 
fe strip and wire, cold upset parts) 


ag 
hardening 





Pully cold worked ‘full-hard wire 
and strip, springs) 








Low-heat Material cold worked after age 

stress hardening, such as coil springs oneidlihs: sada 

equalising Also for cold worked parts not t r Quench or furnace cool 
to be age hardened 





























*FPor parts not requiring maximum hardness c) The longer time for softer material: the 
cooling from solution heat treatment may be less shorter time for harder material g/ For subsequent aging to develop maximum 
rapid and aging time shortened d) Necessary for subsequent age hardening strength at temperatures up to 1100° F 

(@) Quench in 2% solution of alcohol in water ¢) If section is intricate, air cool to 1200’ F h) Necessary for subsequent aging to develop 
to reduce superficial oxide and then oil quench optimum strength and ductility at 1200 to 1500° F. 

(bd) For maximum room-temperature properties 1) Necessary for subsequent age hardening to i) For applications at 650° F. and higher 


develop maximum strength at 1200 to 1500° F 
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WORLD'S LARGEST 
ELECTRIC BRAZING FURNACES 


.. Duilt by LINDBERG ENGINEERING COMPANY 





184 feet from door to 
700 KW, this 


roller hearth, continuous brazing 


Measuring 
door and rated at 
furnace is one of a pair produced 
by Lindberg Engineering Company, 
Chicago, Illinois. Each furnace is 
heated by 144 GLOBAR silicon car- 


bide heating elements, divided 





.. equipped with 


GLOBAR 


Heating Elements 


into four 10 foot heating zones. 
Power input and temperature of 
each zone can be closely con- 
troiled to assure maximum 


braz- 
ing efficiency. All GLOBAR heating 
elements are interchangeable and 
can be easily replaced without 
shutting down the furnace. 


The application of GLOBAR non 
metallic heating elements has pro 
vided many other advantages in 
the design, construction and per 
formance of these furnaces. W rite 
Dept. X-41, The Carborundum 
Company, GLOBAR Division, Niag- 
ara Falls, New York. 


GLOBAR Heating Elements 


sy CARBORUNDUM 


RA 


—E MARK 


“Carborundum” and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company) 
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is YOUR laboratory 
a potential bottleneck? 


/ 


Pa 
Here's a complete line of Bausch & Lomb precision 
_ 


instruments to help you keep pace with capacity produc- 


tion... to give you increased speed, accuracy and simplic- 


ity in research and quality control. 


2 )RESEARCH METALLOGRAPH-— ‘See it... photograph 


it... four ways! Four different accurate images of the 


same sample, for more complete identification. Exclusive, 


patented B&L features permit critical work with bright 


field, dark field or polarized light . . 


. with quick, 


easy change-over. For phase contrast work B&L 


accessories are simply, speedily attached. The 


“maximum use” 


instrument for visual observa- 


tion and photomicrography. Catalog E-240. 


\G/ PHOTOMICROGRAPHIC 
\/ EQUIPMENT MODEL L— 
With proper accessories 
this one unit provides vis- 
ual microscopy, high and 
low power photomicrog- 
raphy, as well as photo- 
copying. Catalog E-210. 


\¥/ Bausch & Lomb 


CM METALLURGICAL 
MICROSCOPE — For examina- 
tion of opaque objects, 
polished metal  speci- 
mens, similar materials. 
Catalog E-223. Tri-Vert 
Illuminator (optional) 
provides bright field, 
dark field, or polarized 
light. Catalog D-108. 
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NEW! BALPHOT METALLOGRAPH—4// new de- 


ib 

¢ STEREOSCOPIC WIDE 
FIELD MICROSCOPES — I nval- 
uable in preparation of 
polished metal  speci- 
mens, study of fractures, 
porosity, macro-etched 
specimens and other low 
power metallurgical 
studies. Catalog D-15. 


sign! The economy of limited capacity 
instruments, field, dark 
field or polarized light and phase con- 
rast... 


with bright 
and many other performance 
advantages of the highest-priced metal- 
lographs. Quick-action stage elevating 
device eliminates coarse adjustment. 
New Magna-Viewer projects bright, 
magnified screen images . . . ideal for 
grain size determinations and group 
viewing. Catalog E-232. 


WRITE for complete information to 
Bausch & Lomb Optical Co., 638-4 
St. Paul St., Rochester 2, N. Y. 


Equipment 





Age Hardenable 


High-Nickel Alloys 


Devetopment of age hardenable, high- 
nickel alloys began in 1924 with the discovery 
that additions of small amounts of aluminum to 
Monel metal produced a new alloy,+ “K’* Monel, 
which could be hardened by heat treatment? with- 
out significant change in the corrosion resisting 
characteristics of the base alloy, and that this 
thermal treatment could be combined with cold 
work to develop strengths and hardnesses equiv- 
alent to alloy steels. Later, additions of titanium 
were made to “K” Monel to improve both its age 
hardening and its hot malleability.+4 

Today, five wrought alloys have been pat- 
ented and produced by The International Nickel 
Co., Ine. “K” Monel, “KR”* Monel, Duranickel,* 
Permanickel* and Inconel “X"* 
alloy, “S”’* Monel. Each has good corrosion 
resistance and may be hardened to high levels 
of strength and hardness by aging at moderate 
temperatures 


and one cast 


Their response to heat treatment 


reverses that of steel: They are soft when 


quenched, and relatively hard when 
They age like duralumin and beryllium- 
copper, but (unlike duralumin) the high-nickel 


alloys can be cooled slowly after aging at mod- 


cooled 
slowly 


erately elevated temperatures. 

“K” Monel is a nickel-copper-aluminum alloy 
containing approximately 2.75% aluminum. Its 
strength and hardness, particularly in large sec- 
tions, are comparable with those of heat treated 
alloy steels, and its resistance to corrosion is 
similar to that of Monel 

“KR” Monel is the same as “K” Monel except 
for a nominal carbon content of 0.25% to pro- 
vide improved machinability. 

“S” Monel is a cast nickel-copper-silicon 
alloy containing approximately 4% silicon which 


hardens it to about 350 Brinell and imparts 


By W. A. Mudge 
Director of 
Technical Service on Mill Products 
Development & Research Division 
The International Nickel Co., Inc. 
Vew York, N. Y. 


resistance to galling and erosion 

Duranickel is a nickel-aluminum 
alloy with greater strength and hard- 
ness than “K” Monel, accompanied 
by the high resistance to corrosion 
characteristic of nickel 

Permanickel is a high-nickel 
alloy having mechanical properties 
and resistance to corrosion similar 
to Duranickel, and good electrical 
and thermal conductivity. 

Inconel “X” is a 
titanium alloy 


nickel-chromium-iron- 
having a low creep rate under 
high stresses at 1200 to 1500°F. and highly 
resistant to chemical corrosion and oxidation 

Nominal chemical compositions, physical 
constants and mechanical properties of the alloys 
are summarized in Table I 

The usual heat treatments are softening, 
age hardening, and stress equalizing. The tem- 
peratures required vary with the composition of 
the alloys. The treatments are summarized in 
Table IV and described in detail later 

Softening occurs during heating at 1600 to 
2000" F. for 2 min. to 2 hr 


water (or a 2% 


and quenching in 
solution of denatured alcohol to 
facilitate subsequent pickling It is necessary 
to quench Permanickel for subsequent age hard- 
ening: the other alloys can be age hardened if 
cooled in air from the softening treatment. Fig- 
ure | indicates the temperature and time for this 
operation. (The middle graph, for Duranickel 


can also be used for Permanickel if softening 


only, and not subsequent aging, is required.) 

Monel, “KR” Monel, 
“S” Monel and Duranickel is accomplished by 
heating at 1000 to 1100° F.; Permanickel requires 
heating at 890 to 930° F., and Inconel “X” at 1300 
to 1350° F. For uses of Inconel “X"” where maxi- 
mum creep strength at 1200 to 1500° I 
ative, another treatment will be given later. 


Age hardening of “K” 


is imper- 


To obtain maximum properties, aging must 


*Keg. U.S. Patent Office 

“Aluminum-Copper-Nickel Alloys of High Ten 
sile Strength Subject to Heat Treatment”, by W. A. 
Mudge and P. D. Merica, A.1.M.E., 
Vol. 117, 1935, p. 265-276. 

W. A. Mudge, U.S. Patents No. 1,755,554,-5,-6,-7 


C. G. Bieber and M. P. Buck, U. S. Patent No 
2,234,955 


Transactions 
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Table |— Nominal Properties of the Alloys 





K” Monet “KR” Monet S” Mone. Dunanicken PrermManickenr INconen “N’ 


Nominal Chemical Composition 
Nickel (a 
Copper 
Iron 
Manganese 
Silicon 
Chromiun 
Carbon 
Columbiun 
Aluminum 
Fitaniun 
Physical Constants 
Density g./c¢ 8.47 8.47 
Ib. cu.in 0.306 0.306 » 0.298 
Melting range, “I 2400/2460 2400) 2460 O30) 23; 2500 2620 92 2540 2600 
Specific heat (b 0.127 0.127 0.13 104 W.105 
Expansion (¢/ ' 6.8 7. 
Heat conductivity ¢d : 7 180 1: 
Resistivity (¢ 380 260 
Curie point ¢/ ; 70 200 
Modulus, psi. 
Pension 26,000,000 26,000,000 24,200,000 30,000,000 30.000.000 31.000.000 
Porsion 9,000,000 S00 000 11.000.000 11.000,000 11.000,000 
Poisson's Ratio 0.32 0.32 0.31 0.31 
Tensile Properties of Rods ¢q 
As « ist 
Yield 
Fensile 
Elongation 
Brinell 


Annealed condition 


Yield 10 60 1 60 : 30 60 60 


Pensile oo 110 oo 110 120 110/130 


Elongation $5 25 15/25 : 55/35 no 40 
Brinell 140 185 10,185 75 33 35/185 Lo 21o 
Rockwell B-75 00 vervall i 5 verve!) |) B-95 max 
Annealed and age hardened 
Yield go 110 on 110 110/140 140 120 140¢h 
Fensile 130) 160 30° 160 150/190 5 a0 175 200 ¢h 
Elongation ” 30/720) 30°20 30/20 1) 20h 
Brinell 2! 250 300 285 360 285/360 300/400 0h 
Rockwell ; » ”° ” : 1) 11) S44 0h 
Cold dra Vi ma mt harce 
Yield : ; : 25/175 25/175 19 23001 
Pensile < $ 210 7H 210 230/270 64 
Elongation ; : _ ; 23/13 25/15 aod 
Brinell %5: 260 300, 380 300 380 
Rockwell 27/3: 7 a 32/42 $2/42 


de 











a’ Includes a small amount of cobalt. Alk (g’ Wire ands strip which have been cold 
ilso contain traces of sulphur on the order drawn or cold rolled 50 to 65° will have higher 
O.010 strengths and hardnesses and correspondingly lower 

B.t.u. per tb. pes . for the rar 70 to elongations. Yield strength is range of stress at 

0.2 elongation in units of 1000) psi. Fensile 
Mean coeflicient 1 eXpansion per strength is expected range in L000 psi Elongation 

10° for the range 2 is in 2 in 

B.t.u. per sq.ft. pet 1 ) (hs Aged at 1300° F, If quenched from 2100° F. 
70 to 212° F. aged at 1550° 1 and again at 1300° F. the re spective 
Ohms per circular-m ‘ values are lowet WH 10S, 150/170, 30°20, 260/340 
For age hardened condition ind C-26/37 


(i) Figures are for strip 
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be followed by controlled cooling. Mechanical c) Fully cold worked “K" Monel and “KR” 
properties which are 5 to 10% lower than the Monel (250 to 325 Brinell, C-25 to 35) are hard- 
maxima will result from furnace cooling follow- ened by holding at 980 to 1000° FR. for 6 hr. ot 
ing aging. The correct temperature and time to longer, followed by cooling to 900° F. at a rate 
be used in hardening will vary according to the of Io to 25° F. per hr. In some instances slightly 
initial temper of the materials. These alloys higher hardnesses may be obtained (particularly 
should not be heated above the specified tem- with material near the lower end of the hardness 
perature, otherwise some softening will result range) by holding 8 or 10 hr. at temperature 
Figures 2, 3 and 4 give the conditions. Hardness This procedure is suitable for spring-tempet 
developed in Permanickel is the same as in strip, spring wire, or heavily cold worked pieces 
Duranickel; however, the temperature should be such as small, cold) formed balls Figure 2 
910 to 930° F illustrates the procedures 
Stress Equalizing, which is applied to cold Treatment for Machinability “KR” Monel 
worked materials for spring purposes, is accom- for optinum machinability should be heated at 
plished by heating at 575 to 850° F 1900 to 1550° F. for 2 to 4 hr. and quenched in 
wate If subsequent age hardening is desired, 
tye Hardening for Maximum Properties the procedures in (a) above should be followed 
“S” Monel, as-cast (325 Brinell), or soft (240 
“K” and “KR” Monel a) Soft “K” Monel Brinell), as a result of heating at 1600° F. for 1 
and “KR” Monel (about 140 to 180°) Brinell, hr., air cooling to 1200°F., and quenching in 
Rockwell B-75 to 90) are hardened by holding for oil, is hardened by holding 4 hr. at 1080 to 
16 hr. at 1080 to 1100°F., followed by furnace 1100° F., followed by furnace cooling. Controlled 
cooling at a rate of 15 to 25° F. per hr. down to a cooling, as for “K” Monel and Duranickel, is not 
temperature of 900° F.; or by the step treatment necessary. The aging treatment produces hard- 
to be described later. Cooling from 900° F. to ness in the quenched and aged alloy as high as, 
room temperature may be carried out by furnace or higher than that of the as-cast and aged alloy, 
or air cooling, or by quenching, 
without regard to cooling rate. Table I1—Short Aging Treatments for “K” Monel 


This procedure is suitable for 





\ Pens 
as-forged and quenched or an- GING CBcane 
CONDITION 9 

nealed forgings, for annealed or 2 Cir ELON HARDNESS 

, ‘ ” 

hot rolled rods and large cold Temp. Hn )FFSET MATE IN 2IN 

drawn rods (over 1's in. diame- Rod 0 15 9 14 157 
ter and also for soft-temper hot rolled 1100 : 82 132 36 17 


wire and strip. 1100 RO 136 34 a4) 
b Moderate ly cold worked 1100 } 0 142 33 
“kK” Monel and “KR” Monel (175 Strip ) ou 100 30 


2 . annealed 1100 : on 142 31 
250 Brine . , 2 
to 250 Brinell, Rockwell C lo 1100 Of; 141 an 


7 
1100 : O8 140 27 


oo” 


) 


25) are hardened by holding 8 hr 


or longer at 1080 to 1100° F., fol- Strip 0 on TT 
lowed by cooling to 900° F. at a cold rolled 10 1100 99 155 
rate of 15 to 25° F. per hr. High- 1100 3 156 
24 141 
29 149 
Strip 0 115 125 
cold rolled 20% 1100 2 140 163 

1100 ; 141 163 

1O00 2 143 160 
As a general rule, those ma- 1000 ; 174 


! 

1 

er hardnesses may be obtained by 10002 l 
00 1 


holding for as long as 16 hr. at 
temperature, particularly if the 
materials have been only slightly 


cold worked 


terials having an initial hardness 0 143 
of only 175 to 200 Brinell should rolled 40 1100 : 5 175 
. we Ss 7 

be held the full 16 hr. Materials -n V4 
1000 2 182 

100 184 

0 148 

rolled 50° 1100 y 170 
is applicable to cold drawn rods, 11008 177 


close to the top figure of 250 
Brinell, or C-25, should attain full 
hardness in 8 hr. This procedure 


half-hard strip, cold upset pieces 1000: 187 
ooo NS 
and intermediate-temper wire ; sate 
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| 
ae | 


s 
Time at 


Fig. 1 {pproximate Time Required at Various Temperatures to Produce 
a Given Hardness in Nickel Alloys. The data for these figures were ob- 


tained on specimens which had been water quenched from the softening heat 


and mechanical properties of the same order as hr. at temperature, particularly if the material 
the as-cast material has been cold worked only slightly. As a gen- 
Duranickel a’) Annealed Duranickel (135 eral rule, material having an initial hardness of 
to 185 Brinell, B-75 to 90) is hardened by hold- only 185 to 200 Brinell (C-8 to 13) should be held 
ing for 16 hr. at 1080 to 1100°F., followed by the full 16 hr.; material having an initial hard- 
furnace cooling at a rate of not more than 15° F. ness of approximately 250 Brinell (C-25) should 
per hr. down to a temperature of 900° F.; or by attain full hardness in 8 hr 
the “step” treatment. Cooling from 900° F. to This procedure is applicable to cold drawn 
room temperature may be carried out by furnace rods, half-hard strip, cold upset pieces and inter- 
or air cooling, or by quenching, without regard mediate-temper wire. 
to the cooling rate. This procedure is suitable c) Fully cold worked Duranickel (260 to 
for forgings, annealed or hot rolled rods, large 350 Brinell, Rockwell C-26 to 38) is hardened 
cold drawn rods (over 1'2 in. diameter), and by holding at 980 to 1000° F. for 6 hr. or longer, 
annealed wire or strip followed by cooling at a rate not exceeding 15° F 
b) Moderately cold worked Duranickel per hr. In some instances, slightly higher hard- 
185 to 250 Brinell, Rockwell C-8 to 25) is hard- nesses may be obtained, particularly with mate- 
ened by holding for 8 hr. or longer at 1080 to rial near the lower end of the hardness range, 
1100° F., followed by cooling to 900° F. at a rate by holding 8 or 10 hr. at temperature. This 
not exceeding 15° F. per hr. Higher hardnesses procedure is suitable for spring-temper strip, 
may be obtained by holding it for as long as 16 spring wire or heavily cold worked pieces such 


Fig. 2 ize Hardening of “kK” and“ KR” Monel. 
as It Varies With Time and Degree of Cold Work 








sy 


Hardness, 


awe 
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as small, cold formed balls. Figure 3 
illustrates the procedures. 
Permanickel is hardened by a 
> "ex > ‘ , ~S I 
double treatment, but usually only Comeenete = aa C-SCALI 
the second operation is required, the me vob — -? HAanpNess 
: : ; Temp.| Hr. Orrset MATE IN 2 IN 
first usually having been carried out 
by the producer prior to the final Hot rolled, 1300 73 140 34 
stages of manufacture The first solution 1300 153 
: -ated* 300 : ¢ of 
operation is a high-temperature treated 130 . ped 
1300 ‘ 162 
1300 ( 167 


Table IV — Short Aging Treatments for Inconel “X” Rod 





va TENSILE 
é ; (i 


“solution” treatment, a quench from 
2000° F. Material purchased “in con- 1300: 166 
dition to respond to heat treatment” Hot rolled. 1300 143 
will have been given this treatment. equalized? 1300 169 
If for any reason it has been heated 1300 ; 173 
to above 900° F. during fabricating 1300 ‘ ‘ 179 
1300 «10 25 181 


operations, it wi re -cessary ) 
I on t ll be necessary t 1300 | 20 9: 182 


repeat the “solution” treatment be- 











fore it will respond to hardening. *4 hr. at 2100° F., aged 24 hr. at 1500° F, 
The hardening operation is similar to 


that used for Duranickel and illus- ened by holding for 16 hr. at 910 to 930° F., followed by 


trated in Fig. 3. Slow cooling, re- furnace cooling or quenching. This procedure is applicable 
quired by “K” Monel and Duranickel, for forgings, annealed or hot rolled rods, and large cold 
is not necessary for Permanickel drawn rods (over 1 in. diametet The same treatment 


a) Soft Permanickel (140 to 180 used for soft strip or wire. 


Is 


Brinell, Rockwell B-75 to 90) is hard- b) Moderately cold worked Permanickel (200 to 300 
Brinell, Rockwell C-15 to 31) is 
hardened by holding at 900 to 
920° F. for at least 8 hr., and 
TENSILE furnace cooling or quenching 
C-SCALI 
2 Uni ELON. Harpness 
reme. Hr. Orrser Mate | in 2 1N 


Table Ill — Short Aging Treatments for Duranickel 





AGING 


CONDITION Additional hardness results from 


holding as long as 16 hr. at 
temperature, near the lowe1 
tod 0 10 102 47 150 
hot rolled 1100 . 102 156 34 25 
1100 108 164 32 28 
1100 | 8 113 168 31 small, cold drawn rods (up to 


limits of the hardness range 
This procedure is applicable for 


Strip ° ‘7 104 9 1 in. diameter), half-hard strip, 
a 1100 | : 105 159 33 cold upset articles, and inter- 
1100 112 164 30 3: mediate-temper wire 
1100 ; 114 167 28 c) Fully cold worked Per 
Strip 0 93 118 27 d manickel (290 to 375 Brinell, 
cold rolled 10° 1100 é 124 171 of Rockwell C-30 to 40) is hard- 
a , a o — ened by holding at 890 to 910° F 
1000 129 178 23 35 for6hr. Increasing the time up 
Strip 0 119 132 16 to 8 hr. will be beneficial in in- 
cold rolled 20 1100: 146 182 19 : stances where the original hard- 
1100 150 184 18 : ness is near C-30. Hard drawn 
1000 y 142 182 21 
1000 149 190 


9 : , 
a tee aime , 4 es applicable for full-hard strip, 
cold roe oVe . 


1100 : 195 3 spring-temper wire, and heavily 
1000 : 198 5 cold worked parts, such as small, 
1000 : 209 


wire can be age hardened fully 
in4to5 hr. This procedure is 


cold formed balls 
Strip 0 a 158 3: Inconel “X” a) To pro- 
cold rolled 50‘ 1100 : 208 


- : ne of strength and ductility for use 


1000 914 ‘ ‘ above 1100° F., soft or hot fin- 
ished Inconel “X" (140 to 298 


duce the optimum combination 
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2100° F. for 2 to 4 
then 


Brinell) is first heated at 


hr. and air cooled (solution treatment 


reheated to 1550° F. for 24 hr. and air cooled 
high-temperature aging): and finally reheated 
to 1300°F. for 20 hr. and air 
temperature aging 

b) To 
strength and ductility for uses up to 
Inconel “X" is 


furnace cooled to 


cooled low- 
combination of 
1100° F 
heated at 
00 F 


produce optimum 


soft or hot finished 
1625° F. for 24 hr 
held for 20 hi 
An alternate procedure is to air cool after 
24 hr. at 1625° F., reheat to 1300° F. for 20> hr 
‘ Soft or cold worked sheet, 


strip and wire 


and air cooled 


moderately 
B-80 to 100) for use at tempera- 
tures up to 1000° RF. are hardened by heating at 
1300° F. for 20 hi 


d) Springs, wire ot 


and air cooling 
strip, cold worked 40 
to 65° for use up to 800° F., are hardened by 
1200° F. for 4 hr. and air or 


heating at furnace 


cooling 


4 é = ; ¢ mM 


Hours at |O90°F. Followed by Furnace Cooling 


Fig. 3 


{ge Hardening of Duranickel at 1090° F. 


Hardening for Intermediate Properties 


Sometimes it may be desired to age harden 
the material to less than the maximum. This 
can be done by decreasing the aging temperature, 
the holding time, and the cooling rate for maxti- 
mum hardness 
single 

The 


show the 


difficult to establish a 
procedure that will always be satisfactory 
data Tables IT to \ 
results from temperatures up to 
8S hr. and 


ima values can be obtained in 4 hr 


It would be 


summarized in 


aging at lower 


air cooling. 90° or more of the max- 


with hot 


rolled or annealed material, and in 2 hr. with 


heavily cold worked In the case of annealed 


and lightly cold worked material, normal fur 


nace cooling after the 4-hr. aging treatment will 


give slightly higher values than air cooling 





2 
aq Medu 


as Influenced by Time and Degree of Cold W ork. 


fhove curves are approximately correct for Permanickel if aging is conducted at 910 to 930° F. 


e) Springs, wire or strip, cold worked 
approximately 15 No. 1 temper) for use in 
the range of 800 to 1100°F.. are 
heating at 1350° F. for 16 hr 


cooling 


hardened by 


and air or furnace 


After aging, the springs should be preloaded 
10 above the 
held for 1 hi 
maximum operating temperature 


maximum working stress and 


ata temperature 100° F. above the 
Figure 4 gives 
the general relationships between hardness and 
heat rolled Inconel “X", and 


the strengthening possible by cold 


treatment of hot 
work and 


aging. 
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above 
little 


heavily cold 


because of the extra 
900" F Normal 


advantage over air cooling for the 


time the alloy is 


furnace cooling offers 


worked material 
Aging of a pilot specimen which duplicates 
the cross section of the commercial part at a 


selected temperature for shorter periods, fol- 


lowed by air cooling or furnace cooling, is ree- 


ommended as a guide for an economical 
commercial method adequate for intended use 
Where 


properties of Inconel “X” are 


creep strength or stress-rupture 
critical, the maxi- 


mum time at temperature is recommended 





Stress Equalizing 


Suggested stress equalization for 


“K" Monel, “KR” Monel, Duranickel and 


Cold rolled to 0.065 in 


Table V — Short Aging Treatments for Inconel “X”" 


Sheet 
, annealed 20 min. at 2000° F 


and air cooled 





Permanickel is to heat 1 to 2 hr. at 575 
to 650° F. Recommended temperature 
to 900° F. for Inconel “X"” when 
it will be used up to 650° F., and 100° F 
above the maximum operating temper- U 
1300 
1300 
1300 
1300 
1300 
1350 
1350 
1350 
and flat spring stampings usually need 1390 
treatment. If to 1400) 
cold 1400 
1400 

after coiling, stress equalization should 142 
ot 
the 1450 
stressing 1500 
oo 


is 6o0 
reme 


ature when it will be used at 
The 
between 1 and 2 hr., 
the the 


Stress equalizing after age hardening is 


higher 


service temperatures time may 


vary depending 


upon thickness of material 


unnecessary, since aging accomplishes 
it adequately 


Coil springs, wire forms, 


such coil springs are 


be given a “set”, or cold pressed 
he carried out 


this 


prior to setting 
the 
Any 


internal cold working stresses set up by 


operation; involves 
material beyond the elastic limit 


1600 





this operation are in such a direction 


AGING 


TENSILE 
C.-SCALI 
‘ » 
1 0.2 HARDNESS 


Hr. Orrset 


Cir ELON 


Orrser MATE IN 2IN 


31 15 111 17 
155 35 
165 
172 
173 
176 
163 
169 
174 
167 
170) 
171 
165 
166 
161 
166 


140 








that will the 


If stress equalized after cold pressing, part of 


thes improve material 


the cold work will be removed by the treatment 


In highly stressed parts, such as pump 


shafts operating at high peripheral speeds, it is 
often necessary to use precisely straightened 
rods having tolerances closer than commercial 
Should it be hard- 
ened material by hand, it should be stress equal- 


3 hr 


necessary to straighten age 


ized, holding at 575° F. for 


Heat Treating Equipment 


Vacuum Furnaces for Bright Hardening 
the only procedure 
which will give a perfectly bright surface 


Hardening in vacuum is 


Com- 
Fig. 4 {ge Hardening of Inconel “X” as 
Influenced by Time and Degree of Cold Work 








Hot Rolled, Direct Aged 

Hot Rolled, Equalized and Aged 
Hot Rolled, Solution Treated, 

High Temperature Aged, and Aged 





mercially this is possible 
the 


standard 


with small parts only; 


consequently semibright must be accepted 


as a surface, and suitable clean-up 
must remove the.slight tarnish 

Batch-Type Furnaces for Semibright Hard- 
The 


atmospheres 


ening use of sealed furnaces and 


trolled 


absolutely 


con 
not result in 
Material so 
but 


which may be removed readily by 


will an 
treated 


tenacious 


bright surface 


will have a very thin, superficial 
oxide coating 
tumbling, vapor blasting, mechanical polishing 
or pickling 

Furnaces for Open Hardening = Open hard- 
ening, or hardening of parts in a furnace into 


which no artificial atmosphere such as hydrogen 
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is to be introduced, may be done best by using 
electric, radiant tube, air recirculating furnaces, 
or full, muffle-type furnaces. They should be 
sealed after loading to prevent infiltration of air 
and consequent oxidation of the work. Furnaces 
in which the burner fires directly into the cham- 
ber are not recommended due to difficulty of 
control within the fairly close limits desired. 

Parts that are to be rough machined, finish 
machined, ground to size, or where the surface 
appearance is not of major importance, are com- 
monly hardened in this manner. 

Salt Baths are used for special work with 
small parts. Particular care must be exercised 
initially to remove all traces of sulphur from 
the fused salts, otherwise the work will be 
embrittled. This may be accomplished in 2 to 
3 hr. by adding a small amount of powdered 
borax and charcoal (3 to 1 mixture) to the fused 
salts. If small test pieces of nickel or Monel 
strip or wire are not embrittled after 3 or 4 hr 
in the purified salt bath, the desulphurizing 
treatment has been sufficient. 

After heating, the work is quenched in water 
to free it from salt. The annealed or hardened 
material will not be bright and must be pickled 

Atmospheres for Semibright Hardening 
Suitable atmospheres include hydrogen, cracked 
ammonia, nitrogen, cracked and = sulphur-free 
natural or city gas, cracked hydrocarbons, or a 
generated atmosphere containing some combina- 
tion of carbon monoxide, hydrogen, nitrogen:and 
hydrocarbons. Propane or butane should be 
avoided unless the formation of soot can be pre- 
vented or easily removed 

\ useful procedure, when reducing gases 
are not available, is to harden the work in clean 
iron filings or chips, which are not contaminated 
by sulphur or low-melting metals and alloys 
such as lead and babbitt, and clean the work 
finally by tumbling, vapor blasting or pickling. 

Protection From Contamination by Foreign 
Material -— It is important that material be both 
clean and dry before hardening. Parts to be 
heat treated should first be degreased thoroughly, 
preferably by readily vaporized solvents, such as 
trichlorethylene. Alkaline cleaning solutions can 
be used if the metal is dipped later in very hot 
water to remove traces of the cleaner 

Even when semibright hardening is not 
required, it is very necessary to remove coatings 
of oil or grease. Some lubricants contain appre- 
ciable amounts of sulphur which, if not removed, 
may cause some damage to the material. Even 
though sulphur might not be present, the lubri- 
cant would form a hard coating on the metal and 
produce a very objectionable appearance S 
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Nominating Committee 


N ACCORDANCE with the constitution 

of the American Society for Metals, 
President Watter E. Jominy has selected 
a nominating committee for the nomination 
of president (for one year), vice-president 
for one year), and two trustees (for two 
years each). This committee was selected 
by President Jominy from the list of can- 
didates submitted by the chapters. The 
personnel is: 


Kare L. Ferrers (Mahoning Valley 
Chapter), Chairman; Special Metallurgical 
Engineer, Youngstown Sheet & Tube Co., 
Youngstown, Ohio. 

GreorGe M. Enos (Purdue Chapter 
Chemical and Metallurgical Engineering 
Bldg., Purdue University, Lafayette, Ind. 

M.L. Frey (Milwaukee Chapter), Allis- 
Chalmers Mfg. Co., Milwaukee 1, Wis. 

F. T. MeGutiri 
Deere & Co., Materials Engineering Dept., 
Moline, Ill. 

J.C. Neemes, Jr. (North West Chapter 
International Nickel Co., Northwestern 
Bank Bldg., Minneapolis 2, Minn. 

S. R. Prance (Dayton Chapter), Inland 
Mfg. Division, General Motors Corp., 2727 
Inland Ave., Dayton 1, Ohio. 

R. B. SCHENCK (Saginaw Valley Chap- 
ter), Chief Metallurgical Engineer, Buick 
Motor Division, Flint 2, Mich. 

L. P. Tarasov 
Norton Co., Research and Development 
Dept., Worcester 6, Mass. 

F. M. Watters (Los Alamos Chapter), 
P.O. Box 1663, Los Alamos, N. M. 


Tri-City Chapter 


Worcester Chapter 


a committee will meet during the 
third full week in the month of May. 
It will welcome suggestions for candidates 
in accordance with the @ Constitution, 
Article IX, Section 1 (b), which provides 
that endorsements of a local executive 
committee shall be confined to members 
of its local chapter, but any individual 
member of a chapter may suggest to the 
nominating committee any candidates he 
would like to have in office. Endorsements 
may be sent in writing to either chairman 
or any member of the committee. 











“ELECTROMET Dia Sher 


A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Company, a Division of Union Carbide and Carbon Corporation, 30 East 42nd 
Street, New York 17, N. Y. + In Canada: Electro Metallurgical Company of Canada, Limited. Welland. Ontario. 


Extra-Low-Carhon STAINLESS STEEL 


New Type Chromium-Nickel Steels 
Have Added Corrosion Resistance ct, because of the design or massive 


me types f welded equipment 





ack into solid solution. It was found that 


when a welded part was heat to temper 
1950 to 2000 deg and then 
most of 


solid solution. This extra heat 


|v 
& 
F 


stainless steel is used in the handlin : 
sens om : ee re Decreasing Carbon Content 


ew and Improv d sustenith tainles 
teels 5 A recent devel pment 1 preventing 


steels of the 18-8 type have been devel ped : 
ettainiy hn d 1 intergranular corr . we extra 
n mee I 
, n PCTNCT het I three ways in w-carbon ¢ ] host 
t. These steels, hick - ; ' » stain ! 
w“ cn ti pr thon but can " \ nl I 
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, > encided 
use in welded welded 
ment 
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I oO dk 
evere corrosive conditions 
present in quantiti 
, Alloy witt e ent ! » 1937, ferrochrome with 0.03 
types raight stainic steel , 
umbiun num carhx was ‘ od rt 
Under I onditions, inter ee ; um carbon was first produced he 
will tie up the ca nint tort ta lustry by Ececrromer. This prod 
gran i itt ccur n 
harmk bid th elped make it possible to produce 
the hi | | 


. , 
tainless st ‘ een subjected to 3. Decreasing the carbon content of the 


encountered by other 


£8001 1600 deg 


the temperature steel. 


forming opera 


1 The amount of stabili g element 
omplex carbides | ! 
| | ssa c z tainle 


in boundaries 
during he iting 


harmful in 
unt of st sbilizin ’ 


tecl 4 

| lement requ vering the carbon con 

, , , f nserving 

ture, the “ t airy ! n in hos > 
pital ind in tl hor ‘ r, in the 


chemical and other allied industries, where 


titanium 


Metallurgical Service Available 


ou use welded stainless steel equip 





ent, it will pay vou ¢t investigate the 
idvantages of u ing extra-] w-carbon steel 
Fig. 2. The new extra-low-carbon If vou produce staink teel. our metal 


stainless st are especially suited for lurgists will be glad t ive vou technical 


! 
of process equipment, such ssistance in the use of ferrochrome of 
tower. They re | 0.03 per cent maximum carbon. For 


quire no heat-treatment after welding further information, write t the nearest 
i 











Evectrromert office 


Heat-Treatment After Welding For a more detailed account of the prop 


1 Left Carbide precipitation at the 
; : , , rtic f extra-low-carbon stainless steel 
} elooment of extratow 





al ie eabilized rite for a free copy of the techni al paper 
+ eeueiiline: tnees Resistance to Sensitization of Austenitic 

* “A "Pe sa wahie Chromium-Nickel Steels of 0.03 Max 

hed teen subiected the Carbon Content” 

temperature rang » that the The term “Electromet™ is a registered trade- 

mark of Union Carbide and Carbon Corporation 


for the same length of time. precipitated chromium-carbides would go | 
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Personal Mention 


Robert 2 Jaffee 


Robert IL. Jaffee ©. 


known in the 


who is well 
fie ld 


technology 


metallurgical 
work on the 
refractory 


for his 
of the 
melting 


metals, the lower 


rare metals, and the pre 


cious metals, has recently been 


named supervisor of research in 
nonferrous physical metallurgy at 
Battelle Memorial Institute, 
bus, Ohio. Dr 


f many 


Colum 
Jaffee is the author 
technical articles 
und patents in his field of special 
1949 he 


Junior 


papers, 


ization In 
by the Ohio 


Commerce 


was named 
Chamber of 
as one of the five out 
standing men of 


young Ohio on 


the basis of his contributions to 
holds de- 
“rees in chemical engineering and 
metallurgy from the 
tute of Technology, 
versity, and the l 
Marviland Although associated 
suttelle 1943, he 
formerly with Leeds and Northrup 
Co. and the 
fornia. Dr. 


titanium research. He 


Illinois Insti- 
Uni- 
niversity of 


Harvard 


with since was 
University of Cali 
Jaffee is a member of 
Institute of Mining 
Metallurgical Engineers 


the American 
and 
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William M. 
been 


O'Donnell & 
appointed to the 
staff for 
development at 
lurgical 


has 
execulive 
metallurgical 
Metal 
Pittsburgh 


sales and 
American 


Products Co 


Frederick J. Grifliths & 
been elected to the 
tors of Follansbes 
Pittsburgh. 


has 
board of dire 


Steel Corp., 


John Mikulak @ has been ap- 
pointed assistant to the 
dent in 
at the 
Machinery 


Vice-presi 
charge of manufacturing 
Worthington Pump and 


Corp., Harrison, N. J 


Phe following promotions have 


been announced by the Colorado 
Fuel and Iron Corp., Pueblo, Colo 
Rudolph Smith &, works manager: 
Iver T. Ellingboe ©. assistant 
superintendent of the openhearth; 
Harold Gumma @., assistant super- 
intendent of the rolling mills; and 
Victor Johnson ©, mill 
superintendent. 


Paul L. Asnis ©, formerly 
Lucius Pitkin Ine., New 
now employed as a 
for Wilbur B. 
me 


with 
York, is 
metallurgist 


Driver Co., Newark, 


Robert W. Ryan © has left 
Cleveland Graphite Bronze Co., 
Cleveland, to become 
superintendent of — the 


foundry, 


assistant 
aluminum 
Sonken-Galamba Corp., 


Kansas City, Kan. 


David I. Sinizer & has been ap- 
pointed technical industrial liaison 
officer at Massachusetts Institute of 
Mass. In 
his new post, Dr. Sinizer will assist 


lFechnology, Cambridge, 
in liaison with industrial firms con- 
grants- 
M.L.T.’s 
and education. 


through general 


strengthen 


tributing 
in-aid to pro- 


uram of research 


William FE. Mahin 


William E. 
cently 


Mahin & 
named director of the 


has re 
been 
metallurgical projects division of 
Metallurgical 
Board of the National 
Council He will 
hetween 
of the 
tion of 
nology, 
tor of 
tion in 
Mahin, 


University of 


the new Advisory 
Research 
divide his time 
research administration 


Armour Research Founda 
Institute of Tech 


where he is direc 


Illinois 
Chicago, 
research, and his new 
Washington, D. ¢ Mi 
from the 
19028 
from 


posi 
who graduated 
Notre 
his M.S 
Institute of 


was 


Dame in 
and received degree 
Carnesi¢ 
in 1933, 


with the Vanadium Corp. of 


Fechnologys 
formerly connected 
Amer- 
metallurgical 
Inland Steel Co., 
metallurgist He spent ten 
Westinghouse | 
Pittsburgh, 
lurgical 


ica, in charge of 
research, and the 
“us a 
vears at lectric 
Corp., as head of metal- 
engineering He 


named director of 


was 
research at the 
1949, after three 
chairman of the 
metals research department there 
Mr. Mahin is chairman of the 
Chicago Chapter @ 
ber of the Society's national publi- 
cations committee, 


Foundation in 


years’ service as 


and a mem- 
a member of the 
of the 
section of the American Institute 
of Mining and Metallurgical 
neers, and a member of the 
Society for 
the Institute of Metals, the 
Iron Steel Institute 

Foundrymen’s 


executive committee Chicago 
Engi 
Ameri 
can Testing Materials, 
British 
and the 
Society 


and 
American 


Frederick A. Locke @ has been 
appointed assistant 
intendent of 
Corp.. 


general 
Alloy 


super- 
Braeburn Steel 


Braeburn, Pa 





Typical thermometer and barometer desk set made by Standard 
Thermometer, Inc., 952 Dorchester Ave., Boston 25, Mass. Stand- 
ard’s instruments are not only sold to government, industry and 
over the counter, but many are also imprinted with company 
names and become valued gifts to top executives of important 
customers 


Punching spoke holes in brass cups which have been drawn, cut, 
and passed by Inspection. 


TO MEASURE TIME AND WEATHER 


BEGIN WITH THE BRASS 


@ Standard Thermometer, Inc., is a well-known maker of 
thermometers, barometers, hygrometers, and clocks, for 
outdoor, desk, and industrial use. Naturally, brass is an 
important item in these instruments, being used for cases 
because of its golden beauty and for operating parts be- 
cause of its reliable physical characteristics, including 
corrosion resistance. 

Fabrication methods include stamping and drawing of 
cases and bezels. The company is an old and experienced 
one, dating back to 1885, and has been a Revere customer 
since that time. Recently it began to experience certain 
fabrication difficulties. When Revere heard about them, 
the Technical Advisory Service was asked to look into 
the matter. The brass being used was analyzed, and factory 
tools and methods studied. An elaborate 17-page report 
was prepared, including photographs of micro-sections 
to show the grain structure of various samples, and 
detailed recommendations were made. In general, it was 
found that such things as puckers, orange peel, and flare 
were due to a combination of factors, including composi- 
tion of the brass, its temper, the dies, and the lubricant 





used on them. Standards were set up for metal specifica- 
tion and though Revere does not design dies, suggestions 


were made for the consideration of the designers. 


After digesting the report and putting the recommen- 


dations to the proof, Standard wrote: “We are extremely 


grateful for this information, and it represents a splendid 


job and one of great value to us.” 


Perhaps Revere can work with you too on such matters 
as specification, fabrication, ideas to save precious metal. 


Our collaboration is freely given. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenut, New York 17, N. Y. 


° 


AR 


Avice 
yo oem = 


Mills Baltimore, Md.; Chicago and Clinton, Ill; Detroit, Mich; Los Angeles 
and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. — 
Sales Ofhices m Prencipal Cities, Distributors F verywher« 


SEE “MEET THE PRESS” ON NBC TELEVISION EVERY SUNDAY 
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mM 


Walter C. Keil @ has been ap- Lyman Y. Burch @ is on mili- 
pointed assistant superintendent in tary leave from Chevrolet-Flint 
charge of smelting operations at Manufacturing and is serving with 
the American Smelting and Refin- New Jersey State Headquarters 
ing Co., Federated Metals Div., Selective Service System in an 

S. Frederick Magis @, formerly Newark, N. J. administrative capacity. 
consultant on production of steel 
and finished steel products at H. C. Morgan ©@, is employed as Philip C. Pfister @ is now an 
Siderurgica Venezolana “Sivensa” general manager of the electric instructor in mechanical engineer- 
S. A., Caracas, Venezuela. has been section of the Commonwealth In- ing at West Virginia University 


Personals 


elected general manager of the dustrial Gases Ltd., North Carlton, He previously held a similar posi 
company. Victoria, Australia. tion at City College of New York. 


K. R. Togstad @ has been ap- Arthur L. Ludwig ©. is now Borg-Warner Corp., Chicago, 
pointed manager of the Milwaukee spectrographer at Trico Products, has appointed Maurice Nelles @ 
plant of Central Steel and Wire Co. Buffalo, N. ¥ director of the engineering devel 

opment section. 





Paul A. Duke @, formerly Atlanta 
representative for the warehouse 
division, has been named product 
engineer by the Atlanta Steel Co 
Atlanta, Ga. 


Dominic A. Verive © has been 
employed as a research engineer 
with the Continental Can Co., Chi 

r a “ago ‘ec his graduation from 
08¢@8 cago, Since S 

zr < P Missouri School of Mines & Metal 
lurgy in June. 


LARGE HOLES a Zay Jeffries & has been elected 


an honorary member of the Ameri 
can Society of Mechanical Engi 


... thru any machineable 


neers recently 


now 


material up to l% inches thick! Alexander Mitinsky @ is 


an engineer with Super Chrome 


Here is a premium tool which makes it pos- Engineering Co., Los Angeles 


sible to saw holes in one short operation 
large holes which heretofore had to be 
laboriously machined ‘‘a-chip-at-a-time 


Robert C. Kuhn @ has been ap 
pointed assistant district manager 
in the Cleveland sales oflice of the 
Crucible Steel Co. of America 


J. M. Zvon @&, formerly with 
Atlantic Wire Co. and Driscoll 
Wire Co., has accepted a position 
as general foreman in charge of the 
wire mill at Gilbert and Bennett, 
Georgetown, Conn. 


WRITE FOR BULLETIN ST-49 


Ross M. Burthwick ©, publicity 
"MARVEL" 4as Pluays had the edge! chairman and member of the ex- 

a ec cae ecutive committee of the Columbus 
section, American Welding Society, 
is leaving the United States to be- 
ARMSTRONG-BLUM MFG. CO. come a lieutenant on special naval 


Sos ions Hier Giciall duty with the Canadian Navy. 
5700 Bloomingdale Avenue Chicago 39, U. S. A. 


4 


Paul G. Bastien ©, scientific 
director of Schneider & Co., France, 
has been elected a president of the 
Société des Ingénieurs Soudeurs, 
and president of the applied phys- 
ics section of the Société des In 
géenieurs Civils de France. 


rhe Penn State Chapter @ has 
selected J. L. Mauthe, president of 
Youngstown Sheet and Tube Co.., 
as the 1951 recipient of the 
David Ford MeFarland Award for 
Achievement in Metallurgy 
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The electrons landed here... 


...and the diffraction pattern they left on this plate measures the split- 
ting of the laminae in a 1000-Angstrom-unit-thick sheet of bent mica 
through which they passed. 

For industry, electron diffraction patterns are revealing and identifying 
oxides on non-ferrous metals, the faint beginnings of corrosion on steel, 
scale in distillation equipment, crystal formations in chemical processes— 
thin films of all kinds. 

A host of fine instruments that are serving science and industry today 
are built around the simplicity, the economy, the easy reproduction, and 
the incontrovertibility of photographic recording. We make the special- 
ized sensitive materials they require—for electron diffraction and elec- 
tron micrography, for spectrochemistry, for x-ray diffraction, for mass 
spectrography, for work in the infrared and the deep ultraviolet, for auto- 
radiography with radioisotopes, for capturing tracks of cosmic ray 
primaries in the upper atmosphere and mesons in the great nuclear accel- 
erators, for analyzing the stuff that distant galaxies are made of. We make 
these photographic materials in a great variety of mechanical specifica- 
tions to fit your needs with optimum convenience. If you will write us 
what those needs are, we shall be glad to make recommendations. East- 
man Kodak Company, Rochester 4, N. Y. 


RECORDING FACTS 


.--the scientific function of photography 


Kodak 





Personals 


Charles L. Carlson @ has joined 
the metallurgical 
tion of the materials engineerin 
department of Westinghouse Elec 
tric Corp., East Pittsburgh, Pa., as 
a metallurgical engineer 


application s« 


E. O. Dixon @ has 
pointed vice-president in charge of 
metallurgy atsothe 
Cudahy, Wis 


been up 


research and 
Ladish Co., 


= ™ 
with the 


Simmons @. formerly 
Commonwealth Govern 
Foot 


trans 


Ammunition Factory 
Victoria, has 


ment 
been 
ferred to the Defense Supply Plan 
Department of Sup 
Victoria 


as senior metalluraist 


scray, 


ning Branch, 


ply, Melbourne, Australia 


Pellett 
sales engineer” for Al 
M Metals, Ine im the 


lachine ind 
ritory, iS now sery 


Howard E. 


erican 


California te 
ing in 
Lindberg 
Angeles 


a Similar capacity with the 
Steel Treating Co.. Los 





WEUTRAL 
IIE 


RINSE 
\ 


RETORT FURNACE 


left —Rockwell electric 
furnace for annea 
pressed stee! parts 
protective atmosphere 
showing charging con 
veyor from washing 
machine, rotary hop 
per, furnace and coo 
ing zone 
Below—Layout of Rock 
well continuous unitin 
a brass mill for auto 
matic prewashing 
anneaing quench ng, 
pickling, cleaning and 
drying of brass cups 


PREWASH 


VIBRATION 
FEEDER 


Heat Continuously — Automatically 
With Minimum Charging Attention 


For annealing, hardening or draw- 
ing metal pieces which may be 
slowly tumbled while moving 
through the helix of the alloy retort, 
this Rockwell Furnace assures uni- 
form conditions of temperature, 
atmosphere and production. 

Work may be automatically fed 
from washing or other preliminary 
operations into furnace and then 
discharged into a Rockwell cooling, 
quenching, pickling, cleaning or 


other processing equipment without 
manual handling —in minimum time 
and space. 

Furnaces may be gas- or oil-fired 
—with radiant tubes, if desired, or 
and provided 
with atmosphere protection. Avail- 
able in standard sizes for work 
capacities from 300 to 3000 lbs. of 
metal per hour and special larger 
sizes. Write for Bulletin 41 2R. 


electrically heated, 


W. S. ROCKWELL COMPANY 
FURNACES * OVENS + BURNERS * VALVES * SPECIAL MACHINERY 
204 ELIOT STREET © FAIRFIELD, CONN. 


) 
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L. F. Reinartz ©, recently clected 
vice-president in charge of special 
Armco 
Ohio, has 


operating development of 
Steel Corp... Middletown, 
been appointed a member the 
Metallurgical 


the National Research Council 


Advisory 


Theodore FE. 


with 


Burke &. formerly 

America 
joined the 
Corp St 
is engaged in the 
by product 


Vanadium Corp of 
us sales engineer has 
Great Lakes Carbon 
where lhe 
selling of 


Louis 
coke and 


chemicals 


Andrew B. Smith @ 


surveyor for the 


formerly 
(reat 
Ship 
accept the posi 


principal 


Lakes, American Bureau of 
ping, resigned to 
tion of superintendent of 
properties with the 


Steamship Co., 


ve ssel 
Interlake 
Cleveland 


The appointment of Howard N. 
Simms © as director of 
development 
Sivalls and 
City, Mo., was 


welding 
and control of Black 
Bryson, Ine Kansas 
announced recently 
by the company 


Robert T. Sinnott 6. 
sales engineer for 
Metal 


Kan., is) now 


formerly 
Drain- 
Popeka, 
employed in” the 
metallurgical department of Lind 
berg Steel Treating Co., Chicago 


Armco 


age and Products, 


Raymond H. Sholtz ©, formerly 
metallurgical engineer at the Fan- 
Metallurgical North 
Chicago, IIL, has recently been ap 
pointed 
head of tiv 
of the 
Arsenal, 


steel Corp., 


senior metallurgist and 
metallurgical division 
Rock 
Island, Il 


laboratory at 


Rock 


Island 


Harold M. 
Westinghouse 
bine Co., to 


Cobb @& has left the 

Aviation Gas Tur- 
accept a position as 
metallurgist at the 


mautical Corp., Wood 


Supervisory 
Wright Aers 
Ridge, N. J 


John F. Thompson ©@, president 
of the International Nickel Co. of 
Canada, Ltd., has been elected to 
the additional office of chairman of 
the board of directors Paul D. 
Merica &, executive vice-president 
and a director, has elected 


executive 


been 
both the 
committee and the 
mittee of the 


a member of 
advisory com- 


company 


tobert 


Krogh @ is now in 
charge of sales in the Cincinnati 
area for Ipsen Industries, Ins 


Rockford, Il 


Donald E. 


i position as 1 


Feather @ has taken 
netallurgist with the 
Appleton Co., South 
Milwaukee, Wis 


Wisconsin 








All steelwork on this bridge was flame-primed before paint was 
applied, loday. after 9 vears’ service, the original pam job 
still provides complete protection agamst corrosion. Present 


condition of surfaces is clearly shown by unretouched close-ups. 


Your Steelwork... 


How Will It Look in 1960? 


Steelwork vou coat with and smoothly. bonds tightly, and lasts longer. 
good paint today can still Flame-priming is one of many time- and money - 
look like new ten vears from saving Linpe methods for making, cutting, joining 
now. if vou flame-prime all treating. and forming metals. So. whatever vou do 
exposed surfaces first. \nd with metals, there is a good chance that Livoe 
what souwll save on main- know-how, show-how. and equipment can help vou 

tenance, because of increased protection due to do it better. more «qui kly. or at lower cost. 
flame-priming, will more than pay for all the flame- Po find out. without obligation. telephone or write 
priming apparatus and materials vou need for the job. our nearest office today. Lixnpe Atm Propucts 
Flame-priming is simple to do. requires little Cowrpasy. a Division of Lnion Carbide and Carbon 
equipment, and costs little. A brush of oxy-acety lene Corporation, 30 bast tnd Street. New York 17, 
flames pops off scale and drives out moisture. Paint N.Y. Offices in Other Principal Cities. In Canada: 


applied to the warm, dry surface goes on quickly Dominion Oxygen ¢ ompany. Limited, Toronto. 


° le Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


Trade-Mark 


‘poration 
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these 
STAINLESS PLATES 


lelivered 
“CUT TO FIT” 


Essential use of stainless steel plates is accompanied by esse 
tial use of time and labor. In many cases, our custome 


prefer to specify plates pattern cut—as the two plates abov 


n- 


Ts 


e, 


which were powder cut at the G. O. Carlson, Inc. plant prior 


to shipment. In these times especially, our high speed speci: 


il- 


ized cutting facilities often save time and labor for fabricators 


whose shops are full to overflowing—and they save ¢ 
freight, and much needed excess stainless steel is held ava 


able in our stock to fill other essential orders. 


Stainless steel is our only business ... and we know 


CARLSON, inc. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES ¢ FORGINGS e BILLETS ¢ BARS e SHEETS (No. 1 Finish) 


District Sales Offices and Warehouse Distributors in Principal! Cities 
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Pressure-Welded 
Copper Alloys” 


BE AUSE pressure welding elimi- 

nates the melting of the parent 
metal or of a filler rod or electrode, 
there is no cast metal in the joint. 
Therefore, the possible complica- 
tions attendant with the use of 
fusion welding such as the for- 
mation of pores on solidification, 
the formation of shrinkage cavities, 
shrinkage cracks, the trapping of 
slag inclusions, and inadequate fu- 
sion of the parent metal cannot 
arise in pressure-made welds. 

rhe pressure welding character 
istics of deoxidized copper and nine 
commercial copper-base alloys were 
determined by making butt welds 
with 's and %s-in. diameter rod, 
the efliciency of jointing being as- 
sessed by tensile testing and micro- 
examination The welded joints 
made with each alloy were of a 
strength equal to the inherent 
strength of the annealed material. 
Welding took place by recrystalli- 
zation across the interface. 

aking as the criterion of weld- 
ability the minimum deformation 
required to produce maximum joint 
strength, the work of the authors 
shows the order of merit of the 
metals tested to be Deoxidized 
copper, 70-30 and 80-20 cupro- 
nickel, 93-7 and 91-9 phosphor 
bronze, 85-15 brass, silicon bronze, 
and aluminum bronze. 

rhe test bars were 2'4-in. long 

,-in. diameter rods that were 
machined down for a length of 
about 's in. to a % or a %-in. 
diameter. The rods were placed 
in a cylindrical hole machined in 
the center of steel blocks bolted to 
the two platens of the press. Heat 
ing was effected by means of an 
oxy-acetylene ring burner so at 
ranged as to keep the jets directed 
upon the line of the interface. A 
neutral flame was employed to i 
hibit oxidation and to prevent car 
bon deposition. Temperatures of 
300 to 1000" ¢ (temperature it 
which the pressure was applied was 
taken as the temperature at the 
interface) and pressures of 500 to 
15,800 psi were used in the 
investigations. 

It was learned that joint strength 

(Continued on p 

* Abstract from 
Welding Character 
Copper-Base Alloy 
and eric 
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... two for a penny 


Bal! Chain hos a wide vori 
ety of uses — from Armed 
Forces identification tags 
to sink stopper pulls. 


000000000 
Q00Ooooot 
O00 00OO 


; 
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That, roughly, is the manufacturer's price in quantity for these 
solid brass key chains 


What makes it possible? These three factors, as outlined by the Ball 
Chain Manufacturing Co., Inc., of Mount Vernon, New York: 


J. Ingenuity in the design of multiple dies of extremely close 
tolerances and their adaptation to specially developed auto- 
matic equipment. 


2. High production over long periods. 


3. Uncompromising standards of quality in every mill shipment of 
brass, copper or nickel silver strip necessary for the fabrication of 


a wide variety of Ball Chains and attachments. 


Isn't it significant that “Ball Chain” considers The American Brass 
Company its most dependable source of supply for metals made to 
the most exacting requirements; composition, anneal, flatness 
across the entire strip width, and uniform gage of metal which, in 


some instances, must be within .00025”. 


1 


Boll diameters vary : 
fern Babel the name to remember in 


a COPPER: BRASS BRONZE 
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. in manufacturing, in service, or both— 
no other alloys possess the combination of 
properties of Phosphor Bronze. And nowhere is 


finer Phosphor Bronze produced than in 


the mills of The American Brass Company — 


in sheet, wire, rod and tube. 


Illustrated here are a few of the myriad of 

bellows and bellows devices made of Anaconda 
Phosphor Bronze and other Copper Alloys by 

The Bridgeport Thermostat Division of Robertshaw 


Fulton Controls Co., Bridgeport, Conn. 
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» LOFTUS 


The Loftus organization, one of the largest in the 
country with specialists in all phases of industrial 
heating, is now, as in former emergencies, engaged 
in the designing and construction of Forging and 
Heat Treating equipment for the production of 


all types of armament. 


610 SMITHFIELD ST LOPS NINA EATIN PITTSBURGH, PA 
Designers and Builders orforation of Industrial Furnaces 











_ — 


Actual reports show: 


Above is a 44" pot with 10,000 Ib. 
capacity. Casting rate: two tons per 
hour. Estimated fuel savings of up 
to 40%. 


Many newspapers report actual fuel 
savings of from 50% to 60% on fuel 


with 10-ton copocity melting pot 
shown above. 


OF BALTIMORE 


“_ 


Kemp Gas-Fired Immer- 
sion Melting Pots Save 
up to 40% on Fuel Alone 


Here’s why you should replace 
conventional melting equipment 
with modern, efficient Kemp 
Immersion Pots. Actual reports 
show proof that Kemp Immersion 
Heating cuts fuel bills up to 40% 
and more. Now you can melt 
soft metals, lead, pewter, tin, or 
salt with maximum thermal effi- 
ciency and get double the rate of 
heat recovery. 

POSITIVE HEAT CONTROL 
Kemp Immersion Melting Pots 
have no brickwork to steal heat, 
no external combustion chamber, 
no carbon monoxide, no tem- 
perature overrun. You get high 
melting rates, reduced dross 
formation, speed of temperature 
recovery after adding cold ma- 
terials . PLUS an estimated 
fuel saving of up to 40°. 

FOOLPROOF OPERATION 
Each installation includes the 
Kemp Industrial Carburetor to 
assure complete combustion, 
lower installation cost. Tell us 
your heating or melting require- 
ments. We can help you make 
your unit more profitable. 


IMMERSION MELTING POTS 


hEMP- 


Write for Bulletin for technical information 
Address: C. M. KEMP MFG. CO. 
405 E. Oliver St., Baltimore 2, Md. 


CARBURETORS © BURNERS © FIRE CHECKS © ATMOSPHERE & INERT GAS GENERATORS 


ADSORPTIVE DRYERS © METAL MELTING UNITS ©SINGEING EQUIPMENT © SPECIAL EQUIPMENT 
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Pressure-Welded 

‘ 

Copper Alloys 

o 

(Continued from p. 544) 
was influenced by the surface con 
dition before welding, mechanical 
preparation proving most suitable, 
and by the deformation taking place 
during welding. With the exception 
of deoxidized copper, surfaces to 
be butt welded were prepared by 
cleaning the face with No. 0 emery 
paper while the test bar was rotated 
in a lathe, and afterward 
in acetone. 

Formation of 
joints in 


washed 


pressure welded 
deoxidized copper was 
adversely affected by emery parti 
cles that were not 
washing. 


removed by 
In place of this technique 
the copper face was etched with 
nitric acid and then washed with 
water and dried in alcohol. It was 
found that welding time, pressure, 
and temperature were of impor 
tance only in so far as they affected 
deformation, providing the welding 
temperature exceeded the recrystal- 
lization temperature of the material. 
H. J. Roast 


Room Temperat ure 
Creep and 
Relaxation* 


N 1934 Davidenkov and Sakharov 

first pointed out the possibility 
of creep and steels 
at room temperature from studies 
made of the elastic after-effect in 
steel wires. Later, Krisch studied 
room temperature creep in five 
steels and found that in 0.13 and 
0.23% carbon steels creep ceased 
after 5 and 100 hr., respectively, 
but did not stop even after 400 hr. 


in alloy steels. Creep was observed 


relaxation in 


in most when the 
stress exceeded the yield point. 
rhe data on relaxation at room 
temperature were obtained from 
18-8 stainless steel that had been 
water quenched from 1920° F. and 
on low-carbon iron normalized at 
1740° F. Relaxation tests for times 
1600 hr 


ring specimens. 


instances only 


up to were carried out on 

It was found that 
the low-carbon iron did not show 
relaxation at the stresses employed; 
stainless steel showed especially 
pronounced relaxation (To p. 548 


*Abstract from 
Austenitic Steel at Room Temper- 
ature”, by I. A. Oding and E. N. 
Volosatova, Doklady Akademii Nauk 
SSSR, Vol. 71, 1950, p. 659 to 662. 


“Relaxation of 
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Wyman- Gordon — specialists in the vital forgings of the internal 
combustion engine since its inception —is today the largest producer 
of crankshafts for the automotive industry and of all types of forgings 
for the aircraft industry. Be it crankshafts and other vital forgings 
for the piston type engines or turbine wheels and impellers for turbo 


jets—there is no substitute for W yman-t ,ordon experience. 


Standard of the Vudustry for Wore Than Sixty Years 


WYMAN-GORDON 


FORGINGS OF ALUMINUM * MAGNESIUM © STEEI 
WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 
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Blast Cleaning Unit 
is PORTABLE! 


Ideal for 
maintenance 
and many 
other jobs, 
including re 
moval of rust, 
dirt, scale,et« 
Economically 
cleans 
large ob- 
jects like 
tanks, bridges, structural work be- 
fore painting. Six sizes, stationary or 


$170.00 and up 


STOP DUST 
at the SOURCE! 


Pangborn indus- 
trial type Unit 
Dust Collectors 


portable, from 


trap dust at 

source. Machine 
wear is minimized, 
housekeeping and 
maintenance costs 
reduced. Solves 
many grinding and 
polishing nuisances 
™ and material 
losses. Models from 


$286.09 and up 


Hydro-Finish 
SPEEDS POLISHING! 


Removes scale, and 
directional grind 
ing lines... 
prepares sur- 
faces for plating 
and holds toler- 
ancesto .0OOL”! 
Liquid blast 
reduces costly 
hand cleaning 
and finishing 

of molds, dies, 
tools, etc. 
Models from 


$1295.00 and up 


COMPACT Blast Cabin 
for SMALL WORK! 


Ideal for pro 
ducing smooth, 
clean surfaces on 
pieces up to 60 

x 36” in size 
Cleans metal 
parts, removes 
rust, scale, grime, 
dirt, paint, etc., 
in a few seconds 


Saves money all 


year ‘round. Models from $3]5,0Q up 


Look to Pangborn for the lotest developments in Blast Cleaning and Dust Control Equipment 


Check for more 

information 
Blast Cleaning 
Cabinets 

Blast Cleaning Nome. . 
Machines 
Unit Dust 
Collectors 
Hydro-Finish 
Cabinets City. 


Company 


Address 


be es ae as ee oe ee ee ee 
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MAIL 
COUPON 
FOR DETAILS 


PANGBORN CORP., 1800 Pangborn Bivd., Hagerstown, Md. 
Gentlemen: Please send me more information on the equipment 
"ve checked at the left 


.Zone....State 





Room Temperature 
Creep and 


Relaxation 


(Continued from p. 546) at higher 
initial stresses and during the ini- 
tial period of the test. Five other 
types of austenitic stainless steel 
were tested and they also exhibited 
significant relaxation. 

Relaxation is the result of diffu 
sion plasticity that occurs at grain 
boundaries and stops when the 
grains block one another. On suc 
cessive restressing it would be ex 
pected that the amount of relaxa 
tion would constantly decrease. An 
18-8 specimen subjected to initial 
stresses of 60,000 psi. showed that 
almost no relaxation occurred after 
the sixth restressing. 

Relaxation also affects the valuc 
of the modulus of elasticity deter 
mined from stress-strain relations 
On stressing 18-8 for the first time 
in a Martens-Kennedy tensometet 
a modulus of 23,500,000 psi. was 
obtained. Restressing this specimen 
increased the value to 25,700,000 
psi., and on the sixth stressing a 
value of 27,400,000 psi. was ob 
tained. The low-carbon iron showed 
a constant modulus on successive 
restressing A. G. Guy 


ZrC: Cb Cermals* 


N INVESTIGATION was made 

of the sintering process and the 
sintering mechanism of a zirconium 
carbide columbiun cermal 
(12.5% by weight of columbium) 
The specimens used were prepared 
by hot-pressing and the effects of 
sintering temperature and time at 
temperature on the structures were 
determined. A bonding study was 
also made of a hot-pressed zirco 
nium carbide specimen and colum 
bium powder. Lattice-parameter 
measurements by X-ray diffraction, 
microstructure studies, density 
ineasurements, and room-tempera 
ture modulus-of-rupture evaluations 
were used to establish the sintering 
conditions and to investigate the 
sintering mechanism 

The results of the investigation 
indicated that the sintering mech 
anism is one in which columbium 

(Continued on p. 550 

* Abstract of “Sintering Mechanism 
Between Zirconium Carbide and 
Columbium”, by H. J. Hamjian and 
W. G. Lidman, Technical Note 2198, 
National Advisory Committee for 
Aeronautics 
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ROTOBLAST 


Ends Cleaning Room 


DOWN-TIME 


at Fairbanks, Morse 


ANGBORN ROTOBLAST pays off at the 

Freeport Works of Fairbanks, Morse with no 
work stoppages in the cleaning room. As M. F. 
Putz, Foundry Superintendent puts it: “ROTO- 
BLAST gives us good service with nominal re- OA. 8. Bung, Cematiy Sxgutenatas of Fabtete, Sle 
pair. We like it!” 


v 


, Here’s the Key to Low-Cost, 

And the record backs him up. Castings with hard-to-clean igh - Quali +» Cleani 7 

pockets are cleaned down to virgin metal . .. with tiny cracks High-Quality Blast Cleaning 
and imperfections exposed, which saves time on inspection Pangborn ROTOBLAST saves from $5000 ip 


. . _ ney ome yeor to $50,000 a year. Specifically, ROTO- 
time and rejects. One man plus the ROTOBLAST Table and BLAST builds savings these five ways 
Barrel handles the entire cleaning load (25,000 pounds of SAVES LABOR: One ROTOBLAST machine 


e ' and operator can do as much as, or more than, 
small castings) per 8-hour day! @ two-man crew and old-fashioned equipment. 


_ _ . SAVES SPACE: In man , one ROTOBLAST 
ROTOBLAST can save you money on blast cleaning. Look on tx or aad 


machine replaces five or more old-fashioned 
to Pangborn for the latest developments in blast cleaning and machines 
1 . ] : SAVES TIME: Coses on record prove ROTO 
dust control equipment. BLAST can cut cleaning time up to 95.8% 
SAVES POWER: Modern ROTOBLAST uses but 
More than 25,000 Pangborn Machines Serving Industry 15-20 h.p. compored to 120 h.p. needed by 
old-fashioned equipment 
SAVES TOOLS: On work cleaned with ROTO 
BLAST, cutting tools last up to 2/3 longer 
becouse no scale is left to dull edges 


SEND FOR FREE BULLETINI 
All ROTOBLAST mochines ore Fr 


covered in Bulletin 214. Write 
for your free copy to: Pangborn 
Corporation, 1800 Pangborn j 


( Bivd., Hagerstown, Md 
*Trademark of the ROTOR. 45, 
Pangborn Corporation ~ 








A REGULAR SERVICE OF THE COOPER ALLOY fFounpry co., HILLSIDE, WN. J 
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MAGNETISM 
IN AUSTENITIC 
STAINLESS STEEL 


Norman S. Mott 
Chief Chemist and Metallurgist 


In the normal specification range 
for the 18-8 chromium-nickel stain- 
less steels, especially when the car- 
bon is low, ferrite and the resultant 
magnetism will often be found. It 
must not be construed, however, 
that this condition is detrimental 
to the properties of stainless steel 
in fact, in many cases it is highly 


desirable 


The fullv austenitic stainless 
steels, when heated in the carbide 
precipitation range (900-1600° I 
have their carbon precipitated as 
chromium carbide along the grain 
boundaries This depletes the 
boundaries of chromium with the 
result that the allov becomes sus 


ceptible to intergranular corrosion 


When allovs containing amounts 
of ferrite from 5-15% are heated in 
this temperature range, it is found 
that the carbides tend to form pre- 
lominantly in the ferrite areas 
Since these areas are disconnected 
and well distributed, the condition 
loes not promote intergranular cor 


rosion 


Stainless steels with free ferrite 
up to 30% in amount retain good 
mechanical properties, although 
they show a slight decrease in duc 
tility and toughness. Their strength 


and hardness are increased 


C 


Estimation of the presence and 
approximate amount of ferrite may 
be accomplished by the use of a 
phase diagram based upon nickel 
and chromium equivalent values.’ 
The nickel and chromium equiva 
lent values are computed by the 


equations 
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0.5 Mn 
Mo 


LO5¢ 


The boundary line between fully 


j 


austenitic alloys and those w 


contain ferrite 1s expressed by the 


When a higher percentage of 


gher perce ge of 
1 in type 316 mols 


ring allovs 1 rder to make 


! 
nickel is specifie 


them completely austenitic in struc 
ture, they bec me susceptible to 
granular corrosion, and if thev 
| 


inter 
are to be heate 1) the carbide pre- 
cipitation range, as would occ 

during welding, additions of colum- 
bium are required to counteract this 


susceptibility 


Molybdenum additions to 18-8 
stainless make the alloy magnetic 
jue to the formation of ferrite, and 
existing data have shown that the 
presence of! this ferrite does not 
interfere with the high corrosion 
resistance of the alloy In this 
orm, it enjoys a wide range of 
isage where excellent resistance to 
orrosive media and the effects of 


welding heat are required 





Auatlalle on request 


will gladly 
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Stainless Steel 
VALVES FITTINGS CASTINGS 
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(Continued from p. 548 
atoms diffuse into the zirconium 
carbide lattice, displace zirconium 
atoms, and form columbium carbide 
and zirconium metal. This colum- 
bium carbide is completely soluble 
in the matrix of zirconium carbide 
and a homogeneous solid solution 
of carbides is formed. At the sin 
tering temperature of 3900° F., zir 
conium metal forms in the grain 
corners of the carbide structure. 

Size and distribution of the metal 
phase could be controlled by two 
sintering variables, temperature and 
time at temperature. The specimen 
with a fine dispersion of metal has 
the highest strength 


Unconventional 
Methods in 
Powder Metallurgy” 


( RDINARY powder metallurgy 

(compacting and sintering) 
cannot produce long shapes becaus« 
the pressure does not spread uni 
formly and the powder far from 
the piston is not compacted enough. 
Even the use of a double-piston 
mold does not help much. A simpk 
method for obtaining greater 
lengths consists of pressure welding 
smaller lengths at a temperature 
above 1800° F. The joints must be 
painted with a thin layer of water 
wetted finely powdered iron, and 
the pressure used does not have to 
exceed 2.2 psi. (The author says 
13 g. per sq.cm. but this is an error 
due to improper division of the load 
used by the area of the joint.) The 
weld is very good and no trace of 
the joined surfaces can be found on 
machining. 

Obviously of greater importance 
is his method for preparing long 
rods and tubes by ramming the 
metallic powders into a tubular con 
tainer of a suitable metal, plugging 
up the ends and drawing the 
sheathed powders through a die or 
sending them through grooved rolls, 
which can be done either hot o1 
cold. Not much reduction is neces- 
sary. An iron sheath filled with 
80% Fe and 20% Al or 88% Fe, 
10% Pb and 2% graphite was 
drawn through a die in two steps, 
from 0.929 to 0.866 in. outside 
diameter. 


(Continued on p, 552 


* Abstract from “Some New Meth 
ods of Powder Metallurgy”, by G. 
Wassermann, Metallforschung, Vol. 2, 
1947, p. 129-137. 





To join dissimilar metals. 
To join tubular assemblies. 


To seal gas, liquid, or airtight 


) joints in pressure vessels or 
4 systems. 
> ; 
i c To make joints that require 
good appearance with no fin- 
(/ ishing operation. 
) 
To make joints that must be 
~ ductile. 
. To obtain joints with best 
y, ) electrical conduction. 


To join two surface areas. 


To avoid metallurgical or 
practical difficulties caused by 
temperatures used in a weld- 
ing process. 


... Call help to solve these 


To join complicated assem- 
blies, especially where the 
joints are inaccessible. 


production problems for you! 


Here is a partial list of production problems that 
solve successfully with Silvaloy Silver Brazing ve complete @ series of joints 
Alloys. Check this list—if you locate your problem — 

here (or if you have a similar metal joining prob- 
lem) make it ours without obligation, by writing 
us today for a technical consultation. * * * * 


To make many joints simul- 
taneously. 


To adapt to a mechanized 
heating operation the joining 
of a large production item. 


THE AMERICAN PLATINUM WORKS 
NEWARK, N. J. 


EDGCOMB STEEL COMPANY 
PHILADELPHIA, PA. » CHARLOTTE, N. C. 
BALTIMORE, MD. + YORK, PA. 
KNOXVILLE, TENN. 


FORT DUQUESNE STEEL COMPANY 


PITTSBURGH, PA. > CINCINNAT|, OHIO 
2 
EAGLE METALS COMPANY 


STEEL SALES CORPORATION 


SEATTLE, WASH. * PORTLAND, ORE. 
SPOKANE, WASH. 


EASTERN WELDING SUPPLY COMPANY 
NEW YORK, N. Y. 


THE 


MANUEL T. FINE & CO. 

LOS ANGELES, CALIF. 

THE HAMILTON STEEL COMPANY 
CLEVELAND, OHIO 
CINCINNATI, OHIO 


CHICAGO, ILL. + MINNEAPOLIS, MINN, 
INDIANAPOLIS, IND. + KANSAS 

CITY, MO. + GRAND RAPIDS, MICH. 
DETROIT, MICH. « ST. LOUIS, MO. 
MILWAUKEE, WIS. 


WORKS AYV/ 


231 NEW JERSEY RAILROAD AVENUE, NEWARK 5, NEW JERSEY 





“ROCKWELL” 


.-- to be SURE 
Ta 
Hardness Testing 


@ You know the value of testing. You know the precision 
of “ROCKWELL” Hardness Testers. But is your present 
machine exactly suited for today’s work? Or is it difficult 
to decide which model you need for new work in your plant 
or laboratory? To be sure, check the ‘““ROCKWELL”’ line. 


“ROCKWELL” HARDNESS TESTERS 


For metals and alloys, hard or soft, flat, round, tubular, or 
odd shaped. Micrometric precision yet ruggedly built. 
Convenient controls. Four sizes. 


“ROCKWELL” Superficial HARDNESS TESTERS 


For shallow tests of razor blades, wire, tin plate, nitrided 
and lightly carburized steel. Accurate for years. Easy to 
operate. Variety of sizes. 


For microhardness or micro-indentation hardness testing. 
Automatic testing cycle. Indentation as shallow as .00005”. 
Three models. 


ACCESSORIES 


“Brale’”’ diamond penetrator ¢ Test blocks for checking 
accuracy * Equitron for positioning test samples ¢ Goose- 
neck Adapter for testing inner surfaces ¢ Work Supports 
for rods, tubes, odd shapes. 


Tell us your problem. Let us make recommendations. 


Be sure. Buy “ROCKWELL” Hardness Testers. 
*Trade Mark Registered 





MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 
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Unconventional 
Methods in 
Powder Metallurgy 


(Continued from p. 550) 

lhe extrusion of sintered billets 
through a die is a well-known proc 
ess, but the author obtained good 
results by die-sinking cakes of sin 
tered iron without any previous 
compacting. The amount of powder 
needed was brought to the proper 
temperature inside an iron crucible 
with walls protected by a layer of 
graphite, and the self-sintered cake 
was dropped into the mold and 
subjected to two strokes of the 
press A rather homogeneous cup 
shaped object was removed fron 
the die. Its porosity was only 1 to 
+ and test bars made out af the 
walls and the bottom have show: 
(after annealing) 50,000 to 60.000 
psi. tensile strength with 26 to 36 
elongation. Brinell hardness meas 
ured with a 2.5-mm. ball unde: 
62.5-kg. load was none too consist 
ent, ranging from 141 to 190, as 
pressed, and 122 to 140, as annealed 
Iwo sizes of cup were experimented 
with, one weighing 1.43 Ib., the sec 
ond 2.75 lb. The wall thicknesses 
were quite different, but the me 
chanical properties closely similar 
linpact test bars (0.157x0.157x 1.77 
in. unnotched) gave high figures 
showing that the shock sensitivity 

the weakest feature of most pow 
der metal compacts was absent 

M. G. Conson 


SiO in Acid Steel* 


NVESTIGATION of the behavior 
of SiO, at high temperatures in 
reducing medium leads the authors 
to the conclusion that SiO is an 
intermediate reaction product and 
that its formation accounts for the 
copious fume produc tion in the 
melting of ferrosilicon and othe 
silicon alloys. Although SiO may 
form during the melting of acid 
steel, the authors claim such for 
mation can occur only under redue 
ing conditions such as those existing 
during the diffusion deoxidation of 
electric steel under acid slags 
Characteristic of the latter is «de 
oxidation using high silica (60 t 
Ho% SiO), well-deoxidized slags 
(Continued on p. 55%) 

* Abstract from “Silicon Monoxide 
in the Melting of Acid Steel”, by P 
V. Gel’d, A. I. Kholodov and N. M 
suinov, Doklady Akademii Nau 
SSSR, Vol. 70, 1950, p. 679 to 682 





ALL TINNERMAN 


are heat treated in 


NICHROME’ MUFFLES 


Cast and fabricated Nichrome muffle, 
of the type used in all Tinnerman’s 
reciprocating controlied- atmosphere 
“shaker hearth’’) furnaces. Weight 
approximately 1,400 Ibs 


Such muffles have served as long as 
12,000 hours without requiring 
attention—at temperatures in excess 
of 1700°F 





Every shaker hearth furnace used in heat 
treating the Tinnerman “SPEED NUT" brand of 
fasteners—universally used in a host of applica- 


tions —is equipped with a Nichrome muffle! 


In the all-important heat treating phase of 
manufacture at Tinnerman, the reliance placed 
upon Nichrome muffles is best expressed in the 
words of Mr. S. J. Andrews, Works Manager 
‘“‘Nichrome muffles,"’ he says, ‘stand up under 


intense heat and give maximum service.”’ 


Whatever your heat treating requirements, 
consult with us. For over 30 vears, we have beenengi 
neering and casting heat-resisting nickel-chrome 
alloys—helping manufacturers to reduc 
costs with equipment unexcelled for efficiency 
nomical service, and long life. Although the presen 
emergency is making unprecedented demands upon 


the resources of Driver-Harris ( ompany, we sha Battery of reciprocating, controlled atmosphere furnaces at the 
new Cleveland, Ohio plant of Timmerman Products, inc. (A 
be glad to make recommendations based upon yout Charge ends; (B) Discharge ends 
Furnaces manufactured by 
American Gas Furnace Company, Elizabeth, N. J 


specific needs, and serve you to the best of our ability 


* 
Nichrome i; monufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, Son Francisco 


T. M. Reg. U.S. Pat. OF 
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for Versatility 
Speed and 
Precision 


in their 


This combination ICB electr 

clutch and broke, monufactured 
by Warner Electric Brake & 
Clutch Co., hos many parts heot 
treated in Hevi Duty Furnaces 


WARNER ELECTRIC BRAKE & CLUTCH CO. 
Relics ou 
HEVI DUTY FURNACES 


Using a Hevi Duty Vertical Retort Furnace, a Hevi Duty Pit rype 
Convection Furnace, and two Hevi-Duty Multi-Range Box Fur 
naces, Warner Electric Brake & Clutch Co., finds a highly satis 
factory solution for their heat treating requirements. 

This versatile installation has provided years of trouble 
free service in production processing, and maintenance of tools 
and dies 

If you have a heat treating problem, ask a Hevi Duty engineer 
for his suggestions. Write for complete information 


HEVI DUT ECTRIC COMPANY 


HEAT TREATING FURNACES HEVIEeDUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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SiO in Acid Steel 


(Continued from p. 552) 
FeO, 7% MnO) containing 20 

25% CaO. Under the action of a 
reducing agent such as coke dust 
the silica is reduced and the result 
ing silicon is transferred to the 
metal. The conditions during this 
period are said to be similar to 
those existing in the melting of 
silicon alloys. 

In order to make a more detailed 
study of SiO in steel melting fur 
naces, a number of four-ton melts of 
carbon steel were made in an acid 
electric are furnace During the 
course of deoxidation of a given 
heat the slag composition changed 
due to the attack of the lining, and 
the SiO.,, content increased from 
63 to 82%. The slag thickened and 
a considerable amount of dull bluc 
sublimate flakes, some as large as 
6.3 x 2.8 x 1.4 in., were emitted from 
the furnace. These had a specific 
gravity of 0.02 to 0.05, and were 
quite elastic in compression. Anal 
ysis of the flakes gave the following 
composition 70.16% SiO., 2.09% 
CaO, 0.77% MgO, 41.07° Fe.0., 
3.34% MnO, 0.18% S; Al,O. was not 
detected. Total of these constituents 
is 117.61° and even when the 
existence of iron as metallic iron is 
taken into consideration, the total 
exceeds 100° rhis situation, the 
authors state, can be explained only 
by the presence of SiO. It was noted 
that when the sublimate fell to the 
floor it glowed, presumably because 
of the burning of SiO. During the 
deoxidation period, the slag analy 
sis also totaled more than 100% 

Microscopic examination at 600 
revealed the sublimate as an agare 
gate of brownish spheres less than 
0.00004 in. in diameter. With the aid 
of the index of refraction, n 1.485, 
the material was identified as crys 
tobalite. Electron micrographs at 
21,000 x showed that flakes of sub 
limate contained larger spherical 
particles than did fume specimens. 
Fume samples collected during the 
melting of 75% ferrosilicon had a 
microscopic appearance and index 
of refraction similar to the carbon 
steel fume samples. This was con 
sidered as additional evidence of 
the similarity of conditions in the 
two melting processes and of the 
presence of SiO as an intermediate 
material in both instances. 

During the course of the refining 
period the size of the spheres ob 
served in electron micrographs of 
fume samples decreased from a 


(Continued on p, 556 








» cannot be mass produced 

zred for use under severe 

heat or cold, stress, stram, or wear. For ex 

yible high-speed tool steels are im the whorring 

machines that cut and shape the toughest metals ( rurrble 

hollow drill steels work around the-clock digging mines 

” quarties, and Crucible stauntess steels put 2 sparkle 

with a purpose in our kitchens 

If you have an appl P 

Crecitide’s metallurgical staff stands ready + 

ent COLE STEEL COwraSY OF awenic a, Chrysler Building 
New Verb 1, N.Y 


first name in special purpose steels 


5) | yoaw of Sine oleelmaking 


You sow this ad in the Saturday Evening Post, Time, Newsweek, Business Week 


calls for » special steel, 





Seeuiding Works Merson & wrens 





Netone! Drew Works Last \verpen! One 





especially 
tool steels! 


Crucible Tool Steels have been pampered pet- 
every day of the 51 years Crucible has led in this 
highly specialized field. That's why tool steel users, 
assured of getting what they want from Crucible, 
have kept us the country’s number one tool steel 
producer. 

Since Industry is constantly opening new fields 
that require new tool steels, Crucible’s interest in 
their further development and improvement goes 
on unabated. You can profit from the wealth of 
knowledge gained by Crucible in the application 
of these steels to thousands of uses. The unparal- 
leled experience of our metallurgists is freely 
available to you. 

That's why it pays to get all your tool steel 
requirements from Crucible. 


write for your selector Laday 
If you haven't gotten your handy tool 
for selecting tool steels, write: Dept. MP, 
Crucible Steel Company of America, 
405 Lexington Avenue, New York 17, New York 





ICRUCIBLE} 








dl yeas of Hine steelmaking 


3 colors, 9° diameter 


first name in special purpose steels 


TOOL STEELS 


Branch Offices and Warehouses: ATLANTA * BALTIMORE * BOSTON * BUFFALO * CHARLOTTE * CHICAGO * CINCINNATI! * CLEVELAND * DENVER * DETROIT 
HOUSTON * INDIANAPOLIS * LOS ANGELES * MILWAUKEE * NEWARK + NEW HAVEN * NEW YORK * PHILADELPHIA * PITTSBURGH * PROVIDENCE + ROCKFORD 
SAN FRANCISCO * SEATTLE * SPRINGFIELD, MASS. * ST. LOUIS * SYRACUSE * TORONTO, ONT. * WASHINGTON, D. C 


rer 
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BARBER 
COLMAN saral St Produt of 


arber-Colman Company 
Rockford, tinois 

The precision response of this Chace Thermostatic 
Bimetal blade “shaves” room temperature differentials 
to 1°F! The thermostat is Barber-Colman’s Microtherm, 
used with their motor-operated proportioning volves or 
damper control motors; it contains a solenoid which 
positions these control units in accordance with heat 
demand. 

Low room temperature moves the contact-carrying 
bimetal toward contact ‘A’. This closed circuit causes 
the motor to rotate the unit toward “full open” position 
and moves a rheostat arm, positioned from the final 
drive shaft, toward its maximum voltage. The rheostat 
energizes the solenoid ‘“B’, which pulls the blade 
away from the top contact before rising temperature 
causes bending of the bimetal. The fully energized 
solenoid pulls the blade to the lower contact “C”, 
reversing rotation of the unit toward closed position. 
The rheostat then reduces voltage to the solenoid, thus 
reducing its pull on the bimetal blade, which can 
now move upward as temperature lowers, beginning 
another cycle. 

Chace furnishes this element completely fabricated, 
ready for installation in the thermostat. Chace Thermo- 
static Bimetal is also available in strips, coils, random 
long lengths and welded or brazed sub-assemblies. Ask 
the Chace Application Engineer which of these forms 
will best fulfill your thermostatic bimetal requirements. 


W. M. CHACE CO. 
Thermostatic Bimelal 


1626 BEARD AVE., DETROIT 9, MICH. 


Vietal Progress: Page 556 








SiO in Acid Steel 


(Continued from p. 55% 
maximum of Ip to about 0.1y. This 
behavior corresponded to exhaus 
tion of the reducing agent and a 
decrease of SiO in the gas phase. 

Secause of the presence of SiO 
in the gas phase, and the peculiarity 
that the total slag analyses were 
over 100°, the authors conclude 
that SiO also exists in the liquid 
slag and metal. The work of Zapffe 
and Sims is cited as support for 
their conclusion regarding the pres 
ence of SiO in the metal 

\.G. Guy 


Metal-to-Glass Seal* 


SOME years ago, a_nickel-chro 

mium-iron alloy (42% Ni, 6 
Cr) was developed in America for 
exact matching to ordinary soft 
lead glass such as used in the manu 
facture of electrical lamps and 
valves. The wire normally used is 
a copper-clad nickel-iron alloy, but 
there are occasions when it is ad 
vantageous to use a homogeneous 
alloy wire. While it is true that the 
American alloy provides seals with 
substantially zero stress at room 
temperature, photo-elastic measur 
ments show that it does not form a 
perfect match to lead glass at all 
temperatures as indicated by stress 
temperature curves The stress de 
veloped in a seal which cools from 
the annealing temperature increases 
to a peak at about 580° F. before de 
creasing to a very low value at room 
temperature. 

The problem, therefore, was to 
find a new alloy matching lead glass 
more satisfactorily over the whok 
temperature range The degree of 
match achieved should be at least as 
satisfactory as that obtained with 
the “Kovar” type iron-nickel-cobalt 
allovs to boro-silicate glass It is 
often considered that the virtue of 
the iron-nickel-cobalt alloy lies in 
the fact that the Curie temperature 
of the alloy and the transformation 
temperature of the glass are about 
the same, with approximately equal 
coeflicients for glass and metal be 
low and above this temperature 
rhese, however, are not essential 
conditions for a good glass-to-metal 
match. All that is necessary is that 

(Continued on p, 558 

*Abstracted from “A Nickel 
Chromium-Iron Alloy for Sealing to 
Glass”, by J. E. Stanworth, Journal 
of Scientific Instruments. October 
1950, p. 282 to 284 














VERSATILE B&A FLUOBORATE ELECTROLYTES PRODUCE 
EVEN, FINE-GRAINED COATINGS QUICKLY, ECONOMICALLY 


Alloy Coating Formed in 
One Operation! 


In plating airplane and heavy duty 
automobile bearings, B&A lead and 
tin fluoborate solutions produc e an 
alloy coating in one operation that is 
harder, more wear-resistant than lead 
plate alone! This fluoborate alloy bath 
is also used to produce protective coat- 
ings on pistons, other engine parts... 
a 0.0002 in. deposit provides vital lu- 
brication during break-in periods. 


Lead-Tin Alloy Makes 
Soldering Easy! 


B& A lead and tin fluoborate produce 
coatings of excellent solderability on 
radio or electrical parts where use of 
non-corrosive flux is desirable...with 
plated parts retaining these charac- 
teristics over long periods. 


Where parts can be fused, the fluo- 
borate alloy bath can also be used to 
deposit solder and thus eliminate 
costly, time-consuming hand solder- 
ing operations. 


Electroclad Wires Save 
Critical Metals 


Bi-metal wires—wires coated with tin, 
lead, nickel, lead-tin alloys, etc.—are 
replacing solid wire fabricated en- 
tirely of scarce metals. Needed lubri- 
cation properties for drawing are also 
imparted. 





CRITICAL PLATING METALS CONSERVED 


BsA METAL FLUOBORATES HELP INCREASE 
PLATING OUTPUT AND 


CUT Costs! 


Electroplaters find Fluoborates 
offer Fast, Easy, Economical 
Method that Saves Substantial 
Amounts of Tin, Copper, 
Cadmium . .. other metals 

THE STAND-OUT PERFORMANCE of 
B&A Metal Fluoborates in lead, tin, cop- 
per, and nickel plating operations is now 
enabling platers to increase production and, 
in many cases, effect real savings on metals 
in short supply. 

rHAT’S BECAUSE Baker & Adamson’s 
Metal Fluoborates offer electroplaters an 
unusual combination of important advan- 
tages not available in other plating agents. 
Why not consider how important each one 
can be in terms of efficiency and economy 
in your operations, then contact your near- 


est B&A office today? 


Q IMPORTANT ADVANTAGES 
INCREASE PLATING EFFICIENCY 


1 No dissolving necessary . . . supplied 
in concentrated solution form 

Easier bath preparation 

Stability of bath composition 

Ease of control 

Practically 100% anode and cathode 
efficiency 

High conductivity 

Good covering power 

Fine-grained deposits of good color 
Faster, high-speed operation 


Write “Joday! 


For detailed operating dota, experi- 
mental samples or commercial quantities 
of lead, tin, copper, or nickel flvoborate 
solutions, write or phone nearest BAA 
office. When plonning special opera- 
tions, draw on the knowledge and ex- 
perience of our technical speciolists in 
setting up baths for test or full scale runs. 


CaN WhAWNH 














FINE CHEMICALS 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL 


& DYE CORPORATION 


~40 RECTOR STREET, NEW YORK 6, N. Y. 


es: Albany ¢ Atlanta © Baltimore* ¢ B 


Chicago® © Cleveland* © Denver* ¢ Dertr . 
New York® © Philadelphia® © Pittsburgh* © Provider 
In Wisconsin: General Chen 


* B 


e © Jack 


e* © St. Louis® © Sank ° Ca ¢ © Yakima (Wash.) 


mpany, Inc., Milwaukee 


In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 


PURITY 


* Complete stocks are carried here. 
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Micr t Metal-to-Glass Seal 
icrocaSt. 


(Continued from p. 556) 
the Curie and transformation tem 


peratures and the expansion coefli- 
cients should be so related as to 
ensure sufficiently low stress at any 
temperature. For example, an ex 
cellent match between a glass and 
metal is possible, even with a dif 


ference of 150° between the Curie 
and transformation temperatures. 
Assembl of 6 Parts Cut to 2 Inte al Parts Preliminary consideration indi 
Y gr cated that it would be preferable to 
have alloys with higher nickel con 
tent than the American alloy. The 
alloys were melted in small billets 
Y weighing approximately 50 g. Raw 
CLUTCH STOP PAWL material used was carbonyl! nickel 
powder; iron powder (containing 
0.02% C, 0.139% Mn and 0.03% Si); 
and chromium-nickel powder (con 
taining 73.7% Ni, 22.3% Cr, 0.2% Si, 
Used as cast, except for drilling 0.4% MnO, 0.2% C, 1.0% Fe). Melts 
and reaming one hole 


Microcast as | piece; formerly 4 
piece assembly 


were made in small beryllium oxide 
crucibles at 2800° F. in an atmos- 
phere of very dry hydrogen. 

Milling operation and assembly Each melt was held 15 to 20 min. 

eliminated after reaching 2700 to 2800° F., and 
Microcasting reduced cost on this part 20%. was then quenched in hydrogen at 
room temperature. Suitable small 
sections of the billet were cut, cold 
rolled to a thickness of 0.020 in., and 
the small samples of sheet thus ob- 
tained were suitably prepared for 
DRUM LOCK PAWL glass sealing by degreasing, etching, 
and firing in wet hydrogen under 
Microcast as 1 piece; formerly 2 om ; carefully controlled conditions to 
piece assembly , produce the required oxide surface 


Sound structure — dimensionally 
uniform 


‘ Each sheet-metal sample was 

sr fentanyl cing then sealed to standard lead glass 

and a sandwich seal was prepared 

ego aecel gages, HGS, for photo-elastic observation. The 

interface of the seals was olive green 

Milling operation and assembly in color, and the adhesion of glass 

eliminated to metal, as determined by crushing 

in a vice, or by impact with a ham 

mer, was very satisfactory. Stress 

temperature curves were determined 

at a cooling rate of 8° F. per min 
for each seal. 

The nominal nickel and chro- 
mium contents of the nine alloys 
tested, as calculated from the com 
positions and weights of the raw 


Microcasting reduced cost on this part 75%. 


MICROCAST offers design engineers 
pameaieioenet canton product materials, ranged from 4 to 6% Cr 
« . . a components - 4 , . 

with substantial savings fo cost and from 44 to 50% Ni. The alloys 

High melting point, non-machine- also contained approximately 0.02% 

able, non-forgeable alloys can be Al, 0.06% Si, 0.15% Mn, 0.05% €, 

specified for economical quantity MICROCAST DIVISION the remainder being iron 

production, too. Write for com- AUSTENAL LABORATORIES, INC TI tre 1 " l : bel 

plete information 224 East 39th St., New York 16, New York we Ss nig ” ty eveloping re1OW 
715 East 69th Place, Chicago 37, Illinois about 880° F. in all cases passes 


through a minimum, then through a 
FREE BOOKLET maximum, and in some cases, 


Get your copy of this through a second minimum. The 


ee ae - Te — ante more pronounced minimum and 
lags. Write today! : ; $ .. 1) el 2 maximum stresses at about 750° F. 
; /) LAS. et and 550 to 700° F. are caused, re- 
= x 4 : + ° ; a spectively, by the transformation in 

a : (Continued on p. 560) 
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These steel “legs for giant 
B-36 bombers are believed to 
be the largest die forgings ever 
produced in the 4300 series of 
nickel alloy steels. Manufac 
turer is the Cleveland Pneu 
matic Tool Co., a leading pro 
ducer of landing gear for com 


mercial and military aircraft 


180-POUND INCONEL FurRNACE FIXTURES 
CARRY 3500-POUND FORGINGS 


What are believed to be the largest die forgings ever looked as though Inconel would do the trick, if the 
made of the 4300 series nickel alloy steels are being proper design could be worked out 
produced by Cleveland Pneumatic Tool Company, Tt , lat , , 
. " 1eir engineer signed a hixt > that seemed prac 
Cleveland, Ohio, for use in the landing gear of the Pe ee ee eee , yon ees 
. . tical, and they asked Ohio Iron Works Company of 
Air Force's immense B-36 heavy bomber . ’ 
Cleveland to fabricate three fixtures from the design 
These were made from 3 and 4-inch diameter Inconel 
rod and l-inch Inconel plate. One-inch holes were 
drilled in the rods, to lighten the fixtures 


Since they weigh from 1500 to 3500 pounds each, 
handling these forgings during heat treatment posed 
a tough problem 

The treatment necessary was: 8 hours at a maxi When completed, each Inconel fixture weighed 180 
pounds—slightly more than 1/20th the weight of the 
forgings they carry 


mum of 1700°F. and air cooling; 8 hours at a maximum 
of 1500-1600°F. and oil quenching; and finally, tem 
pering at 1000 F 


They have been in steady use for 10 months now, 
A suspension fixture was wanted that could carry 


and still show no sign of wear 

the forging through the entire normalize-quench- 
temper cycle. But it had to be absolutely dependable The reasons why Inconel gives such excellent ser 
If it should fail in the furnace, dropping 3500 pounds vice are not hard to find. Its rugged strength at red 
of dead weight to the furnace floor, either the forging heat, coupled with strong resistance to sulfur-free 
or the furnace or both could suffer extensive damage furnace atmospheres, make Inconel one of the real 
At the very least, the job of removing 3500 pounds of high-temperature “workhorses” in use today. 
red-hot metal would be tough If you, like the Cleveland Pneumatic Tool Com- 

Cleveland Pneumatic recalled their past experience pany, have a high-temperature metal problem, either 
with Inconel® furnace equipment. Then they made a for immediate defense requirements or 
study of Inconel’s high-temperature characteristics, installations, you are invited to ask the help of INCO’s 
noting particularly such properties as its 1000-hour Technical Service Section. They will be glad to furnish 
stress-to-rupture strength at 1600°F. of 2700 psi. It recommendations 


for future 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 


~atis SMCONEL ... tor long life at high temperatures 
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Production Lines 


and Special 


Automatic Machines 


CONTINENTAL 


for military production... 


For maximum production of military 
items manual operations must be elim- 
inated. With CONTINENTAL Special 
Automatic Machines and Integrated 
Production Lines production goes on 
in a continuous flow with better, 
more uniform produc ts with a mini- 
mum of man hours 

CONTINENTAL jobs begin with anal- 
ysis of the requirements, then the 
selection and development of proper 
methods for greatest results. Finally 
follows the design, the building, and 
the installation of the machines 
delivering a COMPLETE UNITIZED 
PRODUCING PACKAGE with results 
guaranteed. 

The broad experience of Conti- 
NENTAL offers you a prompt, sure 
solution to your change-over program. 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
176 W. Adams Street, Chicago 3, Illinois 
District Representives 
Ridgewood, N. J. * St. Louis * Cincinnati * Detroit 
Milwaukee * Indianapolis * Cleveland + Pittsburgh 


awe Cngererny Conctrection 
PLANNED MILITARY 
PRODUCTION. Write for 
Booklet No. 127. 


FURNACES 
PRODUCTION LINES 


Vetal Progress; Page 560 





SPECIAL MACHINES 
COMPLETE PLANTS 





Metal-to-Glass Seal 


(Starts on p. 556) 

the glass contraction curve and the 
inflexion in the metal contraction 
curve at its Curie temperature 

The work clearly proves that the 
stresses in seals made with nickel 
chromium-iron alloys and standard 
lead glass can be maintained at low 
values at all temperatures by care 
fully controlled alloy composition 
A suitable composition contained 
17% Ni, 5% Cr. An excellent match 
was obtained even though the alloy 
Curie temperature was approxi 
mately 650° F. and the glass trans 
formation temperature was 750" | 
Melts of this alloy made on a 100-Ib. 
production scale have proved con 
clusively that it can be made satis 
factorily on a commercial basis. He 
sults prove that the new alloy is an 
outstandingly good match to lead 
glass at all temperatures, and the 
ease with which seals of both wire 
and sheet allov have been mad 
lead glass in practice bear out this 


conclusion Tom Bisuor 


Vibration of Liquid 


Mg-Al Alloys" 


4 pRDIN ARY magnesium-aluminun 
alloys crystallize in a mannet 
remote from equilibrium. While the 
primary crystals alone should f 
during slow freeezing up to a con 
centration of 13° Al, a secondary 
phase appears in alloys containi 
considerably less aluminum, and 
instead of being part of a eutectic 
it forms a separate phase, which the 
Germans call a degenerated eutectic 
Siebers and Bulian subjected a 
number of magnesium-aluminum al 
loys to ultrasonic treatments at 280 
kilohertz and found that the second 
ary phase neither disappeared nor 
decreased in amount, but acquired 
a eutectic type of crystallization 
with islands of the primary phase 
in it. They found also that vibra 
tions of a purely mechanical kind 
of the order of 50 hertz only, had 
the same effect. And in both cases 
the new eutectic resisted complet 
homogenization just as stubbornly 
as the type ordinarily obtainable 
M. G. Corson 
*Abstract from “The Effect of 
Sonic and Ultrasonic Vibrations o1 
the Structure of Magnesium-Alumi 
num Alloys With 4 to 12% AI”, by 
Charlotte Siebers one W alter Bulian, 


Metallforschung, Vol. 1, 1946, p. 158 
160. 











Stainless Steels 


' SuVeneer Clad Metals 


Alloy and Spring Steels 












Every Superior customer benefits by the fact that 
our entire manufacturing concern is with quality 
strip steels. No other product claims a share of our 
attention all of our experience, research, equip 
ment and methods are concentrated solely on pre 
cision strip steel production 

That's why Superior strip behaves properly in 
your fabricating process—and why you can count 
upon superior for consistent quality in pertorn 


ance, coil after coil 


WHEN MORE PRODUCTION IS NEEDED 


ACCOLOY 


HEAT AND CORROSION RESISTANT 


CASTINGS 


will give more years of 
service even under the 


toughest line schedules 


ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN e ILLINOIS 


WEAT RESISTANT CASTING 
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ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT 
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fd increase production per unit and per man" 


It must happen ina lot of shops. When a variety 


of metal working and metal cutting operations are 


involved, it’s easy for the lubrication guides and 
the metal cutting requirements to get oul of date 
In our case, the outmoded requirements resulted 
in serious curtailment of per unit and per man 
production 

We experimented quite a lot on our own but 
finally called in a Cities Service Lubrication Engi 

r. Inan amazingly short time he diagnosed our 


trouble. Then he set up an air tight schedule. It 


CITIES 


QUALITY PETROLEUM 
PRODUCTS 


SERVICE 


was easy to follow. It cost no more and the pro 


This man knev 


iis business. Our new production figures are defi 


duction results were immediate 
nitely something to brag about 


Why not let a Cities Service Lubrication Engi 
is Tre 


absolutel 


neer look over vour operation. His service 
cmd the proc ts he recommends are 
the best availabl 


on the market today 


touch with the Cities Service representative neat 


Gret u 


est vou for lubrication advice and recommenda 


tions —or mail coupon below 


CITIES SERVICE O11 COMPANY 
xt . , 
Fact filled ¥ Wall Tower, Room 9¢ 
New Booklet 
For the Metal 


Machining Industry 
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There's a Westinghouse Furnace to provide the exact answer for every 
heat-treating application, gas or electric: 

* standard types for established techniques and practices 

* semi-standard types and auxiliaries 


* special furnaces engineered to your specifications and 
production system 


Consult Westinghouse first! See your nearby Westinghouse representa- 
tive, or write Westinghouse Electric Corporation, Industrial Heating 


Division, Meadville, Pennsylvania. }-10361 
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Effect of Repeated 
Machine Welding” 


N a brief study made by Bab- 

cock and Wilcox Co. for the 
Atomic Energy Commission, some 
information was obtained ‘relative 
to the effect of repeated machine 
welding on firebox quality steel 
plate of A.S.T.M. SA-212, Grade B 
type. Welding was performed with 
the submerged-arc process using 
d.c. reverse polarity in a %-in. 
deep groove machined in 2-in. thick 
plate. The groove cross section was 
trapezoidal with a top width of 
1‘ in. and a root width of ' in. 
Weld metal was deposited by means 
of a modified split-pass technique, 
about 17 individual passes being re- 
quired to fill the groove. Runout 
tabs were attached at each end of 
the test piece to accommodate the 
starting and stopping of the are at 
the beginning and end of each pass. 

When the first weld was com- 
pleted about one quarter of the 
length of the test plate was cut off 
and the weld in the remaining three- 
quarter length was machined out to 
the original groove cross section for 
the second weld. This procedure 
was repeated three times so that 
there were four quarter sections of 
the original test plate length in 
which the first section had the orig- 
inal weld, the second section one 
reweld, the third section two re 
welds and the fourth section three 
rewelds. After polishing and etch 
ing a cross section of each of these 
four weld sections, the microstruc 
tures of the welds, the heat-affected 
zones and the parent metal were 
examined at 100. 

According to the report, the 
photomicrographs are typical of the 
structures found in all the repeated 
welds; however, it was observed 
that more areas in the heat-affected 
zones were found to have a smaller 
grain size as the number of welds 
increased. Such areas were a part 
of the previous deposits which were 
not completely removed by the suc 
ceeding repeat weld. This reviewer 
noted that photomicrographs of re- 
gions immediately adjacent to the 
weld deposit in the heat-affected 
zone of the base metal indicate a 
noticeable grain coarsening as the 
number of repeat welds increased. 

The coarsening of the grain ad 

(Continued on p, 564) 

*Abstracted from “Effect of Re 
peated Welding on the Physical and 
Metallurgical Properties of A-212 
Plate”, Report No. 3363, Babcock and 
Wilcox Co., A.E.C, No. NP-1700. 





COLD FINISHED CARBON AND ALLOY BARS 


“Youngstown 


SHEET AND TUBE COMPANY 


General Offices - Youngstown 1, Ohio 
Export Office - 500 Fifth Ave., New York 
Bars -Rods- Wire-Sheets-Plates Conduit - Pipe and Tubu- 


lar Products-Electrolytic Tin Plate-Coke Tin Plate- Railroad 
Track Spikes - Hot and Cold Finished Carbon and Alloy Bars 


Catt on Youngstown 


whenever you need cold finished 
bars. We can meet your needs 
promptly, in a wide range of 
shapes and sizes, in both carbon 
and alloy steels. 

Youngstown cold finished 
bars meet standard specifications, 
pass all standard tests for 
quality-- yield strength, tensile 
strength, ductility and toughness. 
You will like their excellent 
machining qualities, their 
uniformity of size and their smooth 
bright finish. 

Our chemical and metallurgical 
divisions are at your command, 
to work on your own particular 
problems. Get in touch with 
our nearest district office 
for prompt service. 
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NEW EDITION. Contains many new facts and suggestions— more useful 


information than previous editions. 


THIS BOOK WILL 
SAVE YOU MONEY 


ON THERMOCOUPLES AND PYROMETER ACCESSORIES 


Put this new 56 page buvers’ guide and users’ manual to work in 
your plant. Write for free copy today 

Bristol’s new engineering handbook makes correct selection and ap 
plication of pyrometer supplies an easy matter. Lists the widest variety 
of thermocouple assemblies. pyrometer tubes. terminal heads. thermo 
couple wire and extension wire on the market. Address THE BRISTOL 
COMPANY, 106 Bristol Road. Waterbury 20, Conn. (The Bristol Com 
pany of Canada, Ltd., Toronto, Ont. ) 


Let Us Show You How You Can Save Money By Using Bristol’s 
“Team-Up” Pyrometer Supplies Plan 
You save. first. by “teaming-up” your purchases of thermo ouples 


and pyrometer accessories to take advantage of Bristol's substantial 


quantity discounts. 
You save. second. by having adequate reserves always on hand. thus 
avoiding delivery delays which might be costly 


Bristol carries stock for immediate shipment in Waterbury, Conn., 
Chic ago and San Francisco. 


: st 


€ os 
THEUIDEN ot RY AUTOMATIC CONTROLLING, RECORDING 
w AND TELEMETERING INSTRUMENTS 
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Effect of Repeated 
Machine Welding 


(Continued from p. 562) 
jacent to the weld metal did not 
exhibit any detrimental effect on 
either hardness or tensile strength 
of the welded joint; bend tests 
showed no adverse effect on ductil 
ity due to rewelding. To obtain 
information regarding the tempera 
ture gradient in the base metal ad 
jacent to the groove during welding, 
four thermocouples were embedded 
in the test plate by drilling holes 
from the back of the test plate to a 
depth of 1 in. One hole was located 
so that the bottom was ‘4 in. from 
the machined face of the groove 
and succeeding holes were located 
successively ‘% in. further away 
from the groove and spaced in 
apart lengthwise of the weld. In 
this manner the maximum temper 
ature during welding was deter 
mined at four points removed from 
the line of fusion (bond) by suc 
cessive distances of 's in. 

Charpy keyhole test bars were 
taken in groups of three at thre« 
levels below the top surface of the 
plate. Levels at which these were 
taken were %, and 1's in. as 
well as at four locations on each 
level. The first impact area, or cen 
ter of the notch, was within the 
heat-affected zone which had been 
subjected to microstructural 
changes during each repeated weld. 
The second and third impact areas 
were just outside the heat-affected 
zone at temperatures between 1300 
and 900° F. in a region of no micro 
structural changes as observed on 
previous investigation rhe fourth 
series of impact tests was taken in 
unaffected base metal at the lower 
level of the temperature curve, 
around 650° F. 

Similar trends of impact 
strength appeared at all the levels 
tested. A high impact value (27 to 
31 ft-lb.) was found for the heat 
affected area, and a minimum im 
pact value (22 to 22 ft-lb.) for the 
area just outside the weld heat 
affected base metal. In areas 
further removed from the affected 
zone the impact strength increased 
to values approximating that of the 
plate material (22 to 26 ft-lb.). 

Apparently this trend is not af 
fected by the rewelding, and the 
impact properties obtained in and 
adjacent to the heat-affected zone 
showed satisfactory values and no 
trend was found to indicate that 
the base metal in this area has been 
appreciably affected. 

WituiaM L. WaRNer 





Tool Steel Topics «@-. 


by Carbon Tool Steel 


A manufacturer of safes 

couldn't seem to get a 

suitable grade of steel for 

clamp bolts in tool-proof 

safe doors. The bolts 

. needed a tough body to 

ae e “ = resist snapping when tor 

Plastic Molding sion is applied in clamp 

: ing together a series of 
heavy, laminated tool-proof plates which 
Takes 4 ecial . make up a safe door. The bolts also had 
p to be very hard on the butt end so that in 
genious burglars, who are familiar with the 
T | $ | exact location of these bolts, are foiled 
00 tee Ss Hobbed in one stroke of the press, this mold when attempting to drill holes through 
is @ fine example of intricate detail. Made the bolts to place explosive charges. 

from Duromold A, it produces injection 

After heat-treated alloy and special 
steels failed to do the job, Bethlehem 


Developing a line of tool steels for the molded borrettes 


plastie-molding industry has been one of carbon tool steel, heat-treated in a simple 


e leading jobs during recent years at Our Tool Steel Engineer Says: end-quench fixture, turned the trick 
uur tool-steel mill. We've given speci The customer ordered annealed, shal 


1} 


ttention to hobbing die steels because _ low-hardening carbon tool steel which 

the growing demand for mpro ed prop Support Tools wage easy a 7 7 a 
. : » . — vw machine bolts were then heated a 
in these grades é in Heat-Treatment, 


» now offer three excellent crades of Reduce War . over to optimum quenching temperature, 
page The butt end of the bolt was end 

ng steel: Duramold A (air-harden 
quenched similar to a Jominy test bar. 

Duramold B (with a boron eon When steels are being heated in the his resulted in a hardened chill at the 
, and Duramold ¢ a straight carbon critical range prior to quenching, they butt end of about Rockwell C-O2 after a 
sis). Each has advantages for eer are weak... and will sag or flow plas low draw. And along the threads the body 
types of plastie 1 olding, de pe nding tieally unless supported prope rly In was tough about Rockwell C-30 
the requirements for ease of hob heating tools that have sharp corners, an rhe exacting combination of properties 
wear-resistanee, core strength and unbalanced design, or thin seetions— it's required for this application could be 
stance to distortion Important to heat slowly and uniformly obtamed only by the closely controlled 


Multimold ailiiine tine dada tx on And be sure that proper mechanical sup hardenability characteristics of our shal 


pecially good for mold eavities that are port is provided during the heat low-hardening carbon tool steel, 
machined rather than hobbed. Our BTR 
(manganese oil-hardening) and A-H5 


» ™ chrome air-hardening are ex . r) 
pr Ate sc pene gee sleet Ask Us for Free Treatise on Tool Failures 


ar-resistance and core strength are asing his facts on investigations of how to make good tools and offers many 


required, several thousand tool failures, one of our practical suggestions to avoid the troubles 
thlehem also offers several standard tool-steel engineers has written a practi usually encountered in toolmaking 


for use in making master hobs eal discussion which should help every Added interest is provided by a number 


1isel is our outstanding tool steel user of tools to inerease his batting aver of photographs which illustrate various 
this purpose. This chrome-tungsten age. Entitled Tool Failures and Their types of failures. Originally published 
Cure, the first portion deals with mechan in installments by Metal 


grade has high strength and exceptional 
salir minhabiatnl eal causes of failures, such as poor tool Progress, this helpful 
Shhh *SISLiaTC 
Booklet 271 ‘ tote} design, improper grinding, and many treatise is now available in 
wmnokKkiel o4 contains detalis on proper - 
; é Siti other factors. reprint form. Address 
ties, heat-treatment, and a yhiecations « . 
‘ eat-tre - . ee Problems dealing with faulty heat your request to our Publi 
sethlehem tool st s lor pilast mok v > 
— ; eel - , ding treatment and distortion are also de cations Department, Room 


It will help you select the right tool steel scribed in some detail. The author tell 1041, Bethlehem, Pa se! 
for hobhed molds, machine-eut molds, and 
J ti <ehSO, 
wv 4. 


master hobs t’ murs for the asking 


Address vot ‘ st to our Publications 


sasidi a 2 © 
Department, oon W041, Rethichen, to [PeCRiehem Tool Steel 


"Este 
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_'STRAIGHT-LINE”’ 
~ TEMPERATURE CONTROL 


ELIMINATE 
Overshooting 

Undershooting 

Are you going to continue to 

put up with that troublesome overshoot- 

ing and undershooting inherent in your 

conventional pyrometer control —espe- 

cially when it is so easy to eliminate that 
saw-tooth effect? 

Put XACTLINE in the control circuit. 
XACTLINE anticipates the temperature 
changes—before they occur. And too, it 
nullifies the varying amounts of thermal 
lag, residual heat, and mechanical lag— 
producing a short on-off cycle resulting 
in “Straight-Line’’ temperature control. 
This performance is possible because 
there is no dependence upon mechanical 
 aeetirnnac in operates electrically. 
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Exact reproduction of temperature chart for a heot 
ing process showing the comparison of the “Straight 
line’ temperature contro! produced by XACTLINE 
and the saw-tooth curve obtained with only conven 
tiona! contro! 


XACTLINE is applicable to any indicat- 
ing or recording pyrometer control of 
the millivoltmeter or potentiometer type. 
It should be used wherever close tem- 
perature control is required—any type of 
electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No ad- 
justment or coordination with the control 
instrument is required regardless of the 
size of the furnace, length of the heat- 
ing cycle, or size of the load. Installa- 
tion is very simple—can be either flush 
or surface mounted. 

price $89.50 F.0.8. cHICAGO 
a else to Buy 


CLAUD ‘Ss. GORDON co. 
Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 
Dept. 15 - 3000 South Wallace S$t., Chicago 16, Ill. 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohio 
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MgO-TiN-NiO 
Cermets* 


|SUALLY, metals do not wet ce- 
ramic oxides so that many cer 
met bodies are only mechanically 
bonded, whereas a chemical bond is 
essential for obtaining high strength. 
In most cermet work the metal pow- 
ders are permitted to oxidize slightly 
to provide a metal oxide surface 
which is more compatible with the 
ceramic particles than are the metal 
surfaces. In the present approach, 
metalloids such as nitrides, carbides, 
borides, and hydrides were consid- 
ered as a source of an intermediate 
phase which could be compatible 
with both the metal and oxide and, 
in addition, would promote inter- 
action of these two phases. 
Titanium nitride was selected for 
the study on the basis of its atomic 
structure and lattice size in com- 
parison to those of the metal and 
oxide. Ten points in the ternary dia- 
*Extracts from “High Tempera- 
ture Bodies in the System MgO-TiN- 
NiO”, by L. D. Hower, a paper given 
before the Refractories Division at 
the annual convention of the Ameri- 
can Ceramic Society, April 1950 


gram were selected for study with 
the MgO ranging from 50 to 80%, the 
TiN from 40 to 10%, and the NiO 
from 10 to 40%. The best body 
found in the preliminary work is 
composed of 50% MgO, 30% TiN, and 
20% NiO. Nickel oxide was used 
because the nickel metal powder 
caused distribution difficulties. 

To prepare the test bodies a solid 
solution of magnesium oxide — nickel 
oxide was prepared by firing disks 
of the mix at 2550° F. for six hours, 
crushing and grinding, mixing this 
with titanium nitride, followed by 
pressing the material at 60,000 psi. 
into a %-in. diameter bar 5 in. long. 
Eight test specimens were then cut 
from each bar. Final pieces were 
fired in an argon atmosphere induc- 
tion furnace to 2900° F. in 1% hr. 
plus ‘2 hr. at temperature. 

Tests on fired specimens of the 
body included: Transverse strength, 
shrinkage, bulk density, thermal 
shock resistance and oxidation ef- 
fects on the transverse strength. The 
shrinkage was 10°, absorption was 
0.228°¢, bulk density was 4.21 g. per 
ec., gain in weight during firing 
was 0.45°, and original modulus of 
rupture was 23,200 psi. at room tem 


perature. Modulus (Cont. on p, 568) 





CARBURITING 
eoxes 


Sasners 


1. Rounded non- 
weld corner con- 
struction 

2. Long life V- 
Skids 

3. Gas tight weld- 
ing 

4. One-piece cast 


FixTuRes 
bottoms, optional 


You’re Production Time Ahead with 
STANWOOD CARBURIZING BOXES! 


Rolled plate sides mean less box weight, more space per 
load for your parts. Stanwood's top-to-bottom even expan- 
sion and contraction gives you far more hours of service 
life under high temperature operation. For extra strength 
all corners are formed instead of welded. All necessary 


welding is gas tight. 


One-piece combination cast bot- 
toms and legs are available for extra-heavy loading. Get 


acroarts 


the very latest information on industry's most up-to-the- 


minute carburizing boxes. 
No. 16... now! 


Write for Stanwood Catalog 


Stanwood Ctpotation 





4817 W. Cortland St.., 


Chicago 39, Ill, 





UPSET YOUR TOUGH ONES... 


ON NATIONAL nfo ape peer a = ma 
Our broad experience enables us to design and build a line 


FORGING MACHINES! “tzschne Pbe of sanding up 1 the toughest forging 


assignments . . . whether plowshares or high explosive shells. 





yet, pay us a visit. No obligation. 


MACHINERY COMPANY 


TIFFIN, OHIO. 


THIS DOOR IS ALWAYS OPEN 
We invite you to apply our experience to 
your hot and cold forging problems. Send 
us prints or samples of your jobs. Better 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES —MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 


Hartford Detroit Chicago 
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YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
wes PP 


SB os Sd 
TEST BLOCKS 


Price Each: $1.50, F.0.B. Detroit 


Your hardness tester is 
useful only when you 
are sure it is giving you 
accurate, dependable 
readings. You can rely 
on the accuracy of 
your hardness tester 
when you check it reg- 
ularly with CLARK 
standard test blocks. 
CLARK test blocks, 
in various hardness 
grades, provide a 
quick, sure and simple 
method of assuring ac- 
curate hardness tester 


reading. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICHIGAN 


Vietal Progress: Page 568 





MgO0-TiN-NiO 
Cermets 


(Starts on p. 566) of rupture values 
were also obtained at 1500, 1800, 
2000, 2200 and 2400° F. They showed 
a decrease in strength at 1500 and 
1800° F. of approximately 3000 psi 
from the room temperature value; 
at 2000, 2200, 2400° F. the values in 
creased 7000 to 10,000 psi. over the 
room temperature value. 

Measurement of the modulus of 
rupture after subjecting test bars to 
the oxidizing atmosphere of a gas 
fired furnace at 2000° F. for 3, 6, 12, 
18 and 24 hr. showed an increase of 
50° over the previous values after 
only 3 hr. of oxidation. This gain in 
strength remained constant for the 
full period of the oxidizing treat 
ment. Two other compositions wer 
also included in this test. The best 
of these two contained 40% Mg, 
14° TIN, and 16% NiO and showed 
an over-all greater strength than the 
previously described body Petro 
graphic studies of the specimens in 
dicated three zones of oxidation 
which were most pronounced at the 
corners. The inner portion was the 
unaffected body. The outer layer 
appeared to be devoid of nickel 
metal and showed no yellow color of 
titanium nitride or titanium oxide 
which indicated that titanium dioxide 
had probably been formed. The 
middle layer still contained nickel 
but no titanium oxide or titanium 
nitride. After subjecting the speci- 
mens to thermal shock, modulus of 
rupture tests showed a decrease in 
strength in proportion to the number 
of thermal shock cycles 

The test values reported are con 
sidered as only a general indication 
of the properties of these bodies. 

Louris R. MeCreimn1 


Welding and 
Stress-Corrosion 
Cracking* 


FAILURES in welded mild steel 
structures used for conveying 
crude coal and coke oven gas during 
recent years and the various investi 
gations resulting therefrom have fo- 
cused the attention of the British 
(Continued on p. 570) 


*Abstracted from “Stress-Corro 
sion Cracking in Welded Steel Struc 
tures”, by C. E. Pearson and R. N. 
Parkins, Welding Research, Vol. 3% 
December 1949 





ENGELHARD 


meets every 


THERMOCOUPLE 
NEED! 


Noble Metal 
Thermoelements 


and Thimbles 


platinum vs. platinum-rhodium— 
repaired at substantial savings, 
with credit for reclaimed metal. 


Base Metal 
Thermoelements 


chromel vs. alumel iron vs. 
constantan copper vs. 
constantan 


Standard 
Insulators 


All types and sizes 


Primary and 
Secondary 
Protection 


Tubes 


Terminal Heads 
and Lead W ire, etc. 


At Engelhard, you will find a com- 
plete line of thermocouples and ac- 
cessories to meet all requirements. 
The individual parts of Engelhard 
thermocouples are selected and as- 
sembled for your specific conditions 
of atmosphere and temperature. You 
can rely on Engelhard’s more than 40 
years of research and instrument- 
building experience to solve your 
temperature measurement problems. 
W rite for complete information today. 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVE., EAST NEWARK, N. J. 





'¢ THE MAN 
to give you expert brazing service 


He's the Handy & Harman field service engineer. You'll like him 
because he really knows his stuff. He was hand-picked and specially 
trained for the job. He is a friendly chap with a wide background 
of experience that covers both domestic and war time production. 
He loves to take off his coat and get his hands dirty — and he's an 
artist with a torch. Give him a brazing problem and he's a bulldog 
— he'll never let go until it’s licked. And if it’s too tough to lick 
on the spot, he's backed by the top-ranking and most experienced 
Research and Engineering staffs in the business — originators of 
the well known low-temperature silver brazing alloys EASY-FLO 
and SIL-FOS. He's ready amd eager to give you the following 
services — without cost or Obligation. 


RY - 
ee THE BULLETIN to give you full facts EASY-FLO 


S/L-FOS 


This new 28-page Bulletin 20 gives the whole remarkable 
EASY-FLO and SIL-FOS brazing story — including useful 
information on joint design aa fast heating and produc- 
tion methods. It’s a “must” for all who design or produce 
metal assemblies. Write for a copy today 


HANDY & HARMAN: 


82 FULTON STREET “ Y NEW YORK 7, N. Y. 
Bridgeport, Conn. « Chicago, Ill. + Los Angeles, Cal. « Providence, 8.1. + Toronto, Canada 
Agents in Principal Cities 
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You can have 


3 Keys! 


Our book “3 Keys to Satis- 
faction” is 72 pages of facts 
and figures of signifi- 
cance to designing engin- 
eers. It sets out the vital 
relationship between good 
design, good steel and 
good treatment, and shows 
how to get a specified serv- 
ice from a part at least cost. 
There is a copy for you— 
it is worth sending for— 


and free on request. 


Climax Molybdenum Compan 


500 Fifth Avenue = 
New York City 





Please send your 
FREE BOOKLET 
J KEYS To SATISFACTION 


Name wrcecccceccncccccccccccccccs ° 


Position... cu... 
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Welding and 
Stress-Corrosion 
Cracking 


(Continued from p. 568) 
Welding Research Association on 
the problem of stress-corrosion 
cracking in welded steel structures 

This study involves a failure in 
a welded steel gas main carrying 
saturated crude coke oven gas at 95 
to 105° F. The pipe was fabricated 
from y-in. thick mild steel plate of 
(0.05% C) 
and welded longitudinally into sec 


basic bessemer quality 


tions so that seven sections wer 
joined by circumferential welds to 
make a 32-ft. 6-in. length, the ends 
of which were flanged for bolted 
connections to adjacent lengths 
After about six months service, 
serious cracking developed in the 
vicinity of the circumferential welds 
and continued to progressively de- 
velop during the ensuing 18 months 
at which time the main was dis- 
mantled. These cracks were roughly 
parallel to the weld, only occasion 
ally crossing the weld, and in many 
instances were as much as 1 in. 
away from the weld. Occasional 
short longitudinal and transverse 
cracks were found in the longitudi- 
nal welds. Micro-examination indi- 
cated that the cracks originated at 
the inside surface of the pipe wall 
and followed an intergranular path 
through the steel. The steel had a 
normal number of nonmetallic in- 
clusions and showed intergranular 
areas of cementite. 

Due to the time factor involved 
in studying this problem of stress- 
corrosion cracking, the difficulty of 
conducting field service tests is ap- 
parent. This situation points to the 
basic need for an accelerated short- 
time laboratory test procedure. In 
order that such a test procedure be 
effective a correlation between par- 
allel field and laboratory tests is 
considered necessary. For this rea- 
son a field test was conducted at the 
plant where the original failure 
occurred using two bessemer and 
four openhearth steels of 0.07 to 
0.22% C to fabricate a composite 
bend which was installed in the gas 
main. This welded bend remained 
in operation for a period of two 
years before removal for examina- 
tion. In the interim, butt welded 
samples of these six steels were 
tested in the laboratory by immer- 
sion in a boiling nitrate solution 
(60% calcium nitrate and 3% ammo- 
nium nitrate) for a period of 250 hr. 

(Continued on p. 572) 





MARTINDALE 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced 
in our own factory where uniform hard 
ness is assured by heat-treating in elec 
tric furnaces on which the temperature 
is closely controlled by electric eyes 


AF (Files) 


Sets AB & 
1 set 

2 to 11 set 
12 or more 


Per Set 


The above sets, with 4” diameter 
shanks, are composed of the 8 most 
popular sizes for general use 

Over 200 sizes and shapes (total over 
75,000 pieces) are carried in stock for 
mmediate shipment 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 
4 types for ferrous and nonferrous metals 
Diameters range from 134” to 4” 


“MOTOR-FLEX” GRINDERS 


These high-quality, portable flexible 
shaft tools are made in 7 types for opera 
tion on bench, floor, or overhead 


Write for 64-page Catalog No. 28 
covering above and many other products 
for maintenance, safety, and production 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohio 





B 
LyDAAL PRESS 


The most advanced design in press 
eT ee a 
a et a 
Bakelite and Transparent Molded 
Specimen Mounts ever presented to 


the metallurgist. 


A revolutionary feature introduc- 
PO 
Premolds. The preheat compartment 
reduces the curing time of thermo- 
setting molds to one-third of the 
i ae i 
the operator to produce perfect 
Bakelite Mounts in 2'2) to 3 min- 
utes. All necessary indicators and 
controls including pressure gauge, 
pyrometer, thermostats, timer and 
pilot lights are provided. No ex- 
perience is required to produce 
perfect mounts. Autometic ram. re- 


traction saves time and effort 


The hinged press heod is made 
with o semi-automatic lock and a 


hand wheel screw to close the mold 


ae L a¥ Sal re “SRR LRekabetbheas 
Giidili 


securely i es ee ee 
ranged with o magnetic closure te 
snugly envelop the mold assembly 
The interchange of thermostatically 
controlled heating units of 600 watt 
capacity is focilitated by convenient 
supports. Cooling blocks are located 
in @ practical position in front of 
No. 1330 AB Speed Press the press cabinet. 
complete for 1 mountings $420.00 


This new speed press is the result 
No. 1330-2 AB Speed Press, complete of long exacting experiment, with 
for 14" mountings $440.00 


No. 1330-3 AB Speed Press, complete for 1'2’ the finest modern specimen press 
‘ mountings / $460.00 we are able to engineer. 





every effort devoted to designing 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES . CUT-OFF MACHINES . SPECIMEN MOUNT 
PRESSES . POWER GRINDERS . DISC GRINDERS . HAND GRINDERS . BELT SURFACERS . MECHANICAL 
AND ELECTRO POLISHERS . POLISHING CLOTHS * POLISHING ABRASIVES 


Buckler Ltd. 


A PARTNERSHIP 
165 WEST WACKER DRIVE CHICAGO 1, ILLINOIS 


METALLURGICAL APPARATUS 
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YOU NAME IT! WE'VE GOT IT 


Lakeside, always first in the Midwest in scientific metal 


treatment and steel improvement! 


" [abeside Ste Spnovariaal | 





DH sare LAKESIDE AVE., CLEVELAND 14, OHIO HENDERSON 19100 





HARPER ELECTRIC FURNACES 


for 
SINTERING 
BRAZING 
CARBURIZING 


us 
Contin” 


Continuous production furnaces equipped with replaceable 

Molybdenum heating clements are designed to meet your 

special process requirements. Hydrogen atmospheres with 

low dew points at temperatures reaching 43000°F and above 

are available for special operations including sintering and 

brazing stainless steel, cementing tungsten with cobalt. 
carburizing tungsten, normalizing mag 
netic materialsand sintering alnico 
magnets 


H. D. Roth 


lf you plan to attend the Annual 
Metal Powder Show in Cleve- 
land, April 25-26, our Mr. H. D. 
Roth will be on hand to discuss 
your individual needs 

Write Dept. 7 for complete 
information or if you have a 
special problem a Harper Engi- 
neer will be glad to call 


HARPER ELECTRIC FURNACE CORPORATION 


39 River Street 


Vietal Progress; Page 572 


Buffalo 2, New York 





Welding and 
Stress-Corrosion 
Cracking 


(Starts on p. 568) 

Micro-examination of samples 
from the composite bend and a tab 
ulation of cracking tendency, using 
as a cracking index of the steels the 
number of cracks per 100-mm. length 
of specimen edge examined, gave an 
order of rating of the steels which 
agreed with the rating obtained from 
the laboratory tests in the boiling 
nitrate solution. Because the results 
indicated a good correlation between 
the two methods of test, they were 
considered to reasonably justify 
using the boiling nitrate test for sub 
sequent work on the problem of 
stress-corrosion cracking 

A series of three bessemer and 
fifteen openhearth steels of 0.07 to 
0.27% C were used in tests of welded 
specimens of three types with the 
boiling nitrate solution. One type of 
specimen was a simple butt welded 
plate “%&x10x 12 in. with the weld 
through the center of the 10-in. di 
mension using a 70° single “V". A 
second type of specimen was a x 
10 x 20-in. plate to one face of which 
a patch plate x2x10 in. of the 
same steel was attached by a singk 
pass fillet weld. The third type of 
specimen was a x 10x 12-in. plate 
cold rolled to a 24-in. diameter ar« 
after which two parallel weld beads 
were deposited circumferentially on 
the convex face near the middle of 
the plate. The plate in all specimens 
was as-rolled when tested. 

These three types of specimen 
were selected to obtain different 
residual stress patterns for the cor 
rosion test. In the flat butt welded 
specimen the principal stresses ars 
parallel to the weld and symmetrical 
about it and are of yield point 
magnitude in tension adjacent to the 
weld. In the patch plate the stresses 
form more of a biaxial pattern since 
those stresses transverse to the weld 
approach the yield point magnituds 
of the longitudinal stresses. Due to 
the rolling of the plate in the third 
type, rigidity of the specimen trans 
verse to the welds is enhanced and 
as a result the maximum stresses ars 
transverse to the weld rather than 
longitudinal. 

The orientation of the cracks «dk 
veloped after 200 hr. in the nitrat« 
solution shows that the major axis 
the direction of principal tension 
stress. Cracks originated indiscrim 

(Continued on p, 574) 


of the crack lies perpendicular t 
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This LUMNITE* car top is 


» WATER-QUENCHED 2 2200 F. ! 


MISSOURI may be the “Show Me” state. But even after they're 
shown, some Missourians are still amazed by the 
way this Lumnite car top absorbs thermal shock 
at Nooter Corp., St Louis. 

From a fiery 2000° F. to 2300° F. annealing furnace, 
Nooter’s big car is rolled under a quenching bath 
of cold water. A terrific thermal shock! Yet the car 
top is in excellent condition after seven months 
service. It may last for years. Some Lumnite car 
tops have stayed in service several years! 

Working with Lumnite fieldmen, Nooter plant 
officials developed their car top. It has 82 sections, 
approximately 24” wide, 36” long, 9” thick. It's 
made from a mixture of Lumnite, crushed fire- 
brick and Topaz admix. Beneath it is a 5” thick 
section of insulating concrete. Nooter officials are 
so pleased with the car tops’ performance they are 
planning to use Lumnite refractory concrete in the 
walls, sprung-arch roof, foundation, and base slab 
of a new annealing furnace. 

Lumnite calcium-aluminate cement has a proved 
time and cost-saving record. It gives consistently 
good performance under severe conditions. 


r 7 ry 
IF YOU'RE IN A HURRY to place practically any refractory .. . 


use Castable Refractories made with Lumnite. 
They reach full service strength in 24 hours or 


less! Castables are easy to use. No skilled labor 
necessary. They come to you dry, a balanced mix- 
ture of aggregates and Lumnite calcium-aluminate 
cement. All you do is add water and pour into place. 
Your job will be finished and into production — fast! 
Buy them from your refractory dealer 


LA LA r 


For more information write: Lumnite Division, 
Universal Atlas Cement Company, (United States 
Steel Corporation Subsidiary 100 Park Avenue, 
New York 17, N. Y 


NEED REFRACTORIES FAST? By pouring Refractory Concrete, 
as in this slow-cooling pit, you con sove mony doys over other 
types of refractory construction 


LUMNITE" is the registered trade mark of the calcium-aluminate cement manufactured by Universal Atlas Cement Company. 





MP-L-44 


LUMNITE for INDUSTRIAL CONCRETES /<: 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT Alias 


UNIVER Se 


Ph Ooucy 





‘*THE THEATRE GUILD ON THE AIR''—Sponsored by U. S. Steel Subsidiaries —Sunday Evenings — NBC Network 
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Surface 
Temperature 
Readings 





with laboratory accuracy 
-. convenient 


portability! 


Alnor 
type 4200 
Portable 
Pyrometer 


Whatever the surface 
—wherever it may be— 
you can get instantaneous, 
precise temperature readings with 
the Alnor type 4200 Portable 
Pyrometer. This self-contained 
laboratory instrument is easily 
carried to any point in the plant or 
field to instantly measure tem- 
perature of plastic, metal, wood, 
paper, porous, even viscous ma- 
terials. The heavy duty movement 
is mounted in a protective walnut 
case; has a large six-inch mirror 
scale and knife-edge pointer for 
quick, close readings. Eleventypes 
of thermocouples to meet all con- 
ditions . . . seven standard scale 
ranges to suit your particular 
requirements. 


Winois Testing Laboratories, Inc. 
Room 523, 420 N. La Salle St. 
Chicago 10, Ill. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 
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Welding and 
Stress-Corrosion 


Cracking 


(Continued from p. 572) 
inately in weld and plate metal alike 
and weld metal discontinuities were 
invariably associated with a crack. 
By rating the steels on the basis of 
number of macrocracks observed it 
was found possible to divide them 
into three groups: (a/) Those with a 
high cracking tendency, (b/) an in- 
termediate group of moderate sus- 
ceptibility, and (c) a group highly 
resistant to nitrate cracking. 

The most susceptible steels were 
those of low carbon while those of 
the highest carbon range were least 
susceptible. The intermediate car- 
bon steels were in the intermediate 
group. The effect of deoxidation 
treatment was not demonstrated 
clearly because of variation in car- 
bon content and there did not ap- 
pear to be any beneficial effect from 
killing with aluminum. It appeared 
quite evident that cold working be- 
fore welding increases the suscepti- 
bility to intergranular cracking in 
the nitrate test. Also, the ferritic- 
type weld metal is indicated as sus- 
ceptible to intergranular cracking 
since with austenitic weld 
metals that the cracking is 
confined to the plate metal entirely 
in those instances. In addition, the 
cracks did not grow to the same 
extent as occurred with the ferritic 
weld metals. 

The influence of degree of stress- 
ing, or stress level, on intergranular 
cracking susceptibility has been in- 
vestigated and is considered to offer 
a good method of comparison of 
steels. In the present work the plate 
specimens were not welded but were 
tested with stress imposed by a re- 
straining jig which subjected strip 
specimens to four-point loading in 
bending. Surface scale and irregu- 
larities were removed by grinding 
prior to testing. The time required 
for initial crack formation rather 
than the number of cracks formed in 
a specific time interval was used as 
a criterion of susceptibility at a 
particular stress level. The results 
indicate that, as the stress level is 
reduced, the time for cracking to 
appear (in the nitrate test) becomes 
progressively longer until a mini- 
mum stress level is reached below 
which a very extended period of 
time is required to form cracks. 

It was found that the majority of 
as-rolled steels did not crack under 

(Continued on p. 576) 
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Tempilst 


A simple method of : 
controlling temper- f 
otures in: a 
© WELDING Al, 
© FLAME-CUTTING repeng 
* TEMPERING available 
© FORGING in pellet 
® CASTING and 
* MOLDING liquid 
© DRAWING form 
© STRAIGHTENING 
©@ HEAT-TREATING 
IN GENERAL : 


it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mork 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reoched. 


gives up 
to 2000 
readings 





Avoilable in these temperatures (°F) 
113 | 263 | 400 950 | 1500 
125 275 450 1000 1550 
138 | 288 500 1050 1600 
150 | 300 | 550 | 1100 | 1650 
163 | 313 | 600 | 1150 | 1700 
ran | 325 | 680 | 1200 | 1750 
200 | 338 | 700 | 1250 | 1800 
213 | 350 | 750 | 1300 | 1850 
225 | 363 | 800 | 1350 | 1900 
238 375 850 1400 1950 
250 | 388 | 900 | 1450 | 2000 


FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy 
— 16%” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


‘GORDON. in a 
°¢ SERVICE: 3: a 


CLAUD S. GORDON CO. 
Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls +» Metallurgical Testing Machines 

Dept. 15 + 3000 South Wallace St., Chic 16, MH. 
on. 15 + 2035 Hamilton Ave., Clevel 14, Ohie 
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Do You Know Zn: x" 


? Cushion Drive 
SPEEDS Forging 
Production 


t 
o 
ons 


ry XS A 


) impusTRy 


The pneumatically operated, air ventilated, 
cushion drive on Acme XN Forging 
Machines really speeds forging production— 
it is the latest major improvement on the 
modern forging machine and was originated 
and developed by Acme Engineers. The resulting 
increase in Operating speed makes it possible for 
the operator to complete al forging ot multiple 
operation with a single heat. 
The Acme cushion drive is located at the rear 
of the machine, and is easily accessible for inspection 
The flywheel, mounted on anti-friction bearings, 
between pinion shaft housings, is the only rotating member 
when machine is idling. 
All Acme XN Forging Machines from 14” to 5” inclusive, 
are equipped with this air-operated clutch and brake. JUST 


ANOTHER ILLUSTRATION OF ACME XN SUPERIORITY! 


ACME MACHINERY DIVISION e 1207 W. 6Sth St., Cleveland 2, Ohio 


ESTABLISHED 1882 
” “ pact. SIERO OS RA RR Cp OPA ae : 2 22 WRF ae eto 
. @ At’ # 2 a 5 
in al ae Lee tansy Sugpcepnad: open AY Page > 
s e ‘ et “ 
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HELPFUL 
HINTS 
ON INCREASING 
BROACH LIFE 


FACTS! 


OILS FOR BROACHING 

Heavy Demand on Cutting Fluid 
i > eat demand 

Broaching places a great ¢ 

on 0 cutting fluid due to the 

large amount of metal being re- 

moved and the necessity for maxi- 

mum broach life and finish. 


Stuart's THREDKUT and related 
products, due to their high effec- 
tive sulphur content, have been 
outstanding for the most severe 
broaching work. Active or effec- 
tive sulphur in an oil serves as - 
anti-weld agent preventing meta 
seizure, welding and scuffing. 


Slow Speed Broaching 

For unusually slow speed broach- 
ing of ferrous materials " ° often 
desirable to use oils of heavier 
viscosity (such as THREDKUT 
#25) that will not drain off of 





the broach and the work before it 
has completed its mission. 


Good Rule of Thumb 

When excessive front clearance 
wear is observed on the cutting 
teeth of the broach, DECREASE 
active sulphur in the oil by dilut- 
ing with paraffin oil or other 
blending oils. When poor finish 
occurs due to pick-up and weld. 
ing, apply Stuart's THREDKUT 
or THREDKUT #99 straight. 


Use of Water-Mix Cutting Fluids 

On some flat surface broaching 

and on round hole work it is often 

desirable to use a water-mix cut 

ting fluid of top quality. Stuart's 

SOLVOL, a heavy duty “soluble 
@ oil, is widely recommended. 


PROOF/ 


“With their regular oil they only 
broached 12 pieces when the 
broach wore badly and bugged. 
This is a 4140, 240-270 Brinell 
forged gear blank with a 1” hole 
and 1,” deep keyway to broach 
at one pass with a combination 
broach, 1’ for the round hole first, 
followed by 2’ for the keyway. 
“They put in THREDKUT #99 
and the broach was still in good 
condition after running 1500 
pieces.” WRITE FOR LITERA- 
TURE and ask to have a D. A. 
Stuart representative call. 


DA. Stuart Pil ©°. 


2743 S. Troy Street, Chicago 23, Illinois 
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Welding and 
Stress-Corrosion 
Cracking 


(Continued from p, 574) 
the simple bending stress imposed 
by the jig, in spite of the fact that 
the stress so applied often exceeded 
the principal stresses known to exist 
after welding. Most of the steels 
were rendered crack-prone by cold 
working before testing, the 
work being applied by 
the strips 10% 
machine. 


cold 
elongating 
in a tension testing 
This result would appear 
to indicate that conditions resulting 
from welding are more conducive to 
intergranular cracking than 
which can be produced by 
bending in the jig. 
may be 


those 

simple 
The difference 
associated with the biaxial 
pattern present in welded 
structures or the heat effect of 
welding or both. However, the order 
of rating the steels as to cracking 
susceptibility in simple bending in 
the jig is similar to that found from 
tests of welded plates of the three 
types previously discussed. 


Stress 


Experiments with imposing an- 
odic and cathodic potentials on strip 
specimens of the 0.07°% carbon steel 
held in the jig with a maximum 
bending stress of 38,000 psi. while 
immersed in the nitrate solution 
indicated that the tendency for inter- 
granular cracking is markedly in- 
creased by applying a potential of 
low current density. In no case was 
any cracking observed in the speci- 
men when it formed the cathode. 

With no current imposed, cracks 
appeared in about 15 hr. whereas 
with a current of 40 milliamperes 
per sq.in., extensive cracking de- 
veloped in the anode in 1% hr. 
With 100 milliamperes per sq.in., 
cracks appeared in one hour and 
with 200 milliamperes per sq.in. 
they appeared after only 30 min. 
immersion. Also, cracking is much 
extensive when the anodic 
potential is present. These results 
suggest that the mechanism of stress- 
corrosion cracking is electrochemical 
in nature. 

In order to determine the effect 
{alow temperature postheat treat- 
ment of welds on intergranular 
cracking susceptibility, a series of 
butt weld test plates was heated 
at various temperatures from 392 
to 698° F. for one hour and air 
cooled. After prolonged immersion 
in the boiling nitrate solution, the 
results indicated a decreasing crack 
susceptibility with increasing heat 


more 
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Precise 
TEMPERATURE 
MEASUREMENT 


is one of the 

mony applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


+-.@ general purpose potentiometer with 
@ number of notable refinements, suiting 
it particularly to thermocouple work. 
Distinctive features include 





© Three ranges —0 to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts 

© Three reading dials—effective scale 
length of approximately 175 feet for 
each range 

© Subpanel switch and slidewire construc- 
tion for protection of contacts from dust 
and corrosive fumes. 


© Special provisions to minimize parasitic 





thermal emf's — including automatic com- 
pensation of slidewire thermals and 
gold contacts in galvanometer key. 

@ Exceptional convenience in reading and 
adjustment 

® Solid and substantial construction for 
many yeors of trouble-free service. 


This standard laboratory potentiometer 





is also well suited for meter calibration 
for checking portable potentiometers, and 
for other critical measurements of D.C. 
potentials requiring exceptionally high 
accuracy. 

Described in Bulletin 270 








SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 
© Sturdy, short period 
® Sensitive (up to 1.5 HV per mm.) 
© Multiple-refiection optical system 
© 100-Millimeter scale 
© For null or deflection measurements 
Described in Bulletin 320 














RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue Philadelphia 32, Pa. 




















= THE QUALITY NAMES IN ALLOY D.< ° 
LO FOR HEAT CORROSION ABRASION segs 
asa QCRa RC A . 


m THE SUM OF 
_ PHILOSOPHY 
You Take 
from Life 
Only that 
which you can 


Perceive 
Assimilate and 
Appreciate 


You Return 
nly that ; , 
0 4 , “4 It is up to all of us to per- 
which you 4 vee 
; e : * ceive, assimilate and appre- 
may Contribute * ae . 

. ciate—and to do something 
about it—every possible con- 
tribution to our military and 
industrial strength. Thus, 
we will contribute to our 
enemies’ understanding that 
they can’t get away with it! 




















CAST SPECIAL SHAPES QUICKLY...EASILY 


FIRECRETE 


oltre] ol(-We <-sinelareld(=ts 


Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 


cpr SUOOF— 3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 


opr 2B00F — H-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 


ope” 2A00F — STANDARD FIRECRETE 


The most generally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 144". 


oro” 2A00F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 

The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 

For further information, writetoJohns-Manville, gprszaee 
Box 290, New York 16, N. Y. JM 


ul 


*Reg. U. S. Pat. Off. 


Johns-Manville 


FIRECRETE 


‘‘The Standard in Castables“’ 
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Welding and 
Stress-Corrosion 
Cracking 


(Starts on p. 568) 
treatment temperature. Also they 
suggest that a temperature of less 
than 572° F. would be effective for 
those steels which are less prone 
to crack. 

Mechanical methods of relieving 
stress, such as peening, can be ef- 
fective in reducing the intergranu- 
lar cracking susceptibility of steel. 
Both shot-peening and hammer- 
peening, applied after welding and 
when the test plate had cooled to 
room temperature, were tested. 
Shot-peening was done with 3-mm. 
angular cast iron shot using an air 
pressure of 80 Ib. per sq.in. Ham- 
mer-peening was performed with 
an electrically operated hammer 
using a hardened tool in. in di- 
ameter with a head of ‘+ in. radius. 
This treatment was performed at a 
rate of the order of one minute per 
linear inch of weld over an area 
extending to 1 in. from either edge 
of the weld. The test plates were 
treated on both surfaces. 

Results of the peening tests in 
dicate complete immunity to inter- 
granular corrosion cracking is 
afforded by this mechanical treat- 
ment, performed as previously de- 
scribed. No cracking developed, 
even in the butt welded 0.07% car 
bon steel plate which was immersed 
up to 1600 hr. However, subsequent 
tests of patch-plate specimens, ham- 
mer-peened in varying degrees by 
varying the indents per unit of su 
face area, indicate that excessive 
peening, which leads to a state of 
high compression stress in the 
peened surface, can be harmful. 

In conclusion, it is stated that 
while cases of cracking of this type 
in mild steel occur under condi- 
tions of caustic embrittlement and 
from the action of certain nitrate 
solutions, the occurrence of such 
failures in steels used in coal dis- 
tillation plants has not hitherto 
been recognized. The typical form 
of this cracking, together with the 
attendant conditions associated 
therewith, lends weight to the belief 
that this cracking is an important 
example of the = stress-corrosion 
phenomenon. 

From the results obtained in this 
investigation the authors have in- 
ferred that: 

1. Mild steels of widely differ- 
ent character show a varying sus- 

(Continued on p. 580) 





ELECTRICAL ..: MECHANICAL 
ENGINEERS 


METALLURGISTS, PHYSICISTS and CHEMISTS 





You're on the main line to the top 
when you work at Westinghouse 


UNLIMITED OPPORTUNITIES 


IN DESIGN, RESEARCH, APPLICATION, DEVELOPMENT 


INVESTIGATE 
IMMEDIATELY! 


*Engineers fill 16 of the 29 top executive spots 
in Westinghouse. Hundreds of engineers hold 
high-level staff and supervisory positions. Your 
opportunity to advance is practically unlimited 
at Westinghouse. 

*Right now Westinghouse is building seven 
new plants. These are not temporary jobs. Nearly 
all of the engineers and scientists who joined us 
in World War II are still with us, and in the past 
10 years our total employment has almost doubled. 

*At Westinghouse you will participate in the 
nation’s defense effort. In 1951 a large part of all 
Westinghouse production will be to satisfy the 
nation’s military needs. 


THIS MAY BE YOUR OPPORTUNITY TO 
MOVE AHEAD IN THE CAREER OF YOUR 
CHOICE . . . MANY SUPERVISORY POSTS 
IN NEW PLANTS AND DIVISIONS WILL BE 
FILLED FROM OUR ENGINEERING STAFF! 
INVESTIGATE! 


Minimum Experience Required—2 years... 
but some of these openings call for top-flight 
men with more experience. 


Salaries — Determined individually on the basis 
of the experience and ability of the applicant. 


Location—There are openings for engineers, 
metallurgists, physicists, and chemists at most 
of Westinghouse’s 36 plants. For example: You’ll 
find opportunities to do jet engine work at 
Kansas City, Missouri and South Philadelphia, 
Pa. ...in Ordnance manufacturing at Sunnyvale, 
California and Sharon, Pa. . . . on atomic power 
projects in Pittsburgh, Pa. . . . in radar and 
electronics at Baltimore, Md. .. . in aircraft 
equipment and fractional horsepower motors at 
Lima, Ohio . . . and in commercial and airport 
lighting at Cleveland, Ohio . . . and in power 
producing equipment to speed the production 
lines of America. And all of these activities have 
a definite and established peacetime application. 


WESTINGHOUSE OFFERS YOU 
IN ADDITION TO GOOD PAY 


—Help in finding suitable housing 

—Low cost life, sickness and accident insurance 
with hospital and surgical benefits. 

—Modern pension plan 

— Opportunity to acquire Westinghouse stock at 
favorable prices 

—Privilege of buying Westinghouse appliances 
at employe discount 


Investigate Westinghouse today .. . write Mr. R. P. Meily, 
Westinghouse Electric Corporation, 306 Fourth Ave., 
Pittsburgh 30, Pa. 
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Welding and 
Stress-Corrosion 
Cracking 


(Continued from p. 578) 
ceptibility and none are completely 
resistant in the welded condition. 

2. A broad correlation exists 
between the failures in the service 
tests and the laboratory tests using 
the boiling nitrate solution. 

3. Cold working prior to stress 
ing seems to improve the resistance 
to stress-corrosion cracking. 

4. Peening of proper extent can 
be effective in improving the re- 
sistance of the steel to stress-corro- 
sion cracking. 


Welding of Armor* 


UNTIL 1939, the view was gener- 
ally held that the high alloy 
steels used for armor were quite 
unsuitable for welding. Careful 
control of the critical cooling rate 
of material surrounding the weld 
was necessary in order to avoid 
formation of a brittle martensitic 
zone in the structure adjoining the 
weld. Early attempts at welding 
light armor with ferritic electrodes 
were unsuccessful because of seri- 
ous cracking at relatively low tem- 
peratures. This cold cracking was 
usually confined to the heat-affected 
zone. Early in 1939 a promising 
experimental austenitic rod was 
made having a core wire consist- 
ing of 18° Cr and 8 Ni. How- 
ever, the weld metal showed a 
tendency to hot crack following its 
deposition. The addition of 2 to 
3° Mo to the welding rod reduced 
this tendency markedly. Reasons 
for the success of austenitic elec 
trodes were believed to be their 
ductility, the absence of an allo- 
tropic transformation and the less 
drastic thermal effects due to the 
lower welding currents used. 

Not all factors, particularly dif- 
ferences in the performance char- 
acteristics of austenitic electrodes 
used under similar conditions, were 
satisfactorily explained until Hop- 
kin advanced his hydrogen theory. 
He held that hydrogen present in 
the are atmosphere was dissociated 
to the atomic state and entered the 
weld metal at elevated temperatures 
where it was held in solution until 

(Continued on p. 582) 

*Abstract of “Developments 
the Welding of Armor”, by T. L. 
3utterfield, The Welder, Vol. 
April-June 1947, p. 26-32. 





MISCO RESISTING 


ALLOY 


Our ILLUSTRATION shows a cast 
Misco Metal Fixture for carburizing 
and quenching transmission shafts 
from 1700°F. This robust fixture weighs 
60 pounds. Weight of work carried is 


XTURES 


DURABLE, ACCURATE 


EFFICIENT 


290 pounds. Ratio of work treated to 
construction weight is practically 5:1. 
Careful design and casting technique 
gives minimum contact between fix- 
ture and work. 


Misco Heat Treating Equipment is Designed for Efficiency and Built for Endurance 


ALLOY CASTING DIVISION 
Michigan Steel Casting Company 


One of the World's Pioneer Prodecers and Distributors of Heat and Corrosion Resisting Alloys 
1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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PROJECTION COMPARATOR 
MICROPHOTOMETER 





Specify THE JACO 











| ACCURACY 
No longer must the practical spec- 
trographer be uncertain as to the 
line he is actually reading. There 
is the line—in plain, full view— 
WHILE IT IS ACTUALLY BEING 
SCANNED. This is only one of 


the many features of this precision 
instrument. 


Complete Spectro Chemical Instal- 
lation. 


JARRELL-ASH CO. 


165 NEWBERRY ST. 


@ Improved Resolution 

@ Greater Certainty 

@ A Wider Density Range 

@ Increased Comfort 

@ High Speed 

@ A Wide Field of View 

@ Precise Linear Measurement 


@ Immediate Delivery 





Write for 
Catalog No, 1-4 


and alist of purchasers 





BOSTON 16, MASS. 








pEF 


BE SURE YOUR COMPANY 
TURNS IN ALL AVAILABLE 
SCRAP STEEL PROMPTLY 


Look around your plant for hidden 


Scrap... keep it flowing 





WYCKOFF 
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Welding of Armor 


(Continued from p. 580) 

the allotropic transformation point 
was reached. At this point there is 
sudden reduction of the solubility 
of hydrogen. The hydrogen, now 
out of solution and in the atomic 
state, could diffuse through the lat- 
tice of the structure of the weld 
material into the hard zone where 
it produced cracking 

Iwo theories have been ad- 
vanced to explain the mechanism 
of cracking: (a) Hydrogen re-forms 
as molecular hydrogen in the cavi 
ties or pores of the steel where it 
sets up high multiaxial stresses, and 
(b) hydrogen acts as an alloying 
element, stabilizing the austenitic 
phase in steel in conjunction with 
carbon and other elements. When 
transformation finally takes place 
at abnormally low’ temperatures, 
stresses are produced that lead to 
cracking. The hydrogen in the are 
atmosphere results from substances 
in the electrode coating such as 
cellulose and moisture. 

Carbon content has a marked 
influence on cold cracking, the 
maximum limit being 0.35° for 
austenitic welding rod. Above that 
value preheating and special tech- 
niques must be used. For given 
carbon contents the deep hardening 
steels are more susceptible to cold 
cracking than are the shallow hard- 
ening grades. 

For welding of heavy armor the 
joint surfaces were precoated with 
25% Cr, 20% Ni austenitic elec- 
trodes prior to infilling with 18% 
Cr, 8% Ni electrodes. Preheating 
the joints between 100 and 150° C. 
eliminates quenching effects. Nor- 
mal multi-run techniques can be 
employed. Use of large gage elec- 
trodes (¥ and % in. diameter) im 
proves weldability. 

The tendency to hot crack with 
the use of austenitic electrodes is 
influenced by composition, elec- 
trode coating material, impurities 
and thermal conditions. The three 
distinct types of cracks noted were 
those that occurred above 800° C., 
in the region of 500°C. some time 
after solidification, and those form 
ing below 370°C. Additions of 
manganese or molybdenum are ben- 
eficial in reducing hot cracking. 
Their effect is believed to be caused 
by the retention of islands of delta 
ferrite in the austenitic deposit. 
This delta ferrite has an affinity for 
the carbides precipitated during 
slow cooling thereby preventing 
their precipitation in the grain 
boundaries. Hans J. HEeINnt 





In addition to its other useful characteristics, 
Gray Iron may be readily combined with 
other materials to achieve a wanted result. 

For example, brake drums for automotive 
and aircraft equipment require an internal 
braking surface with maximum wear resist- 
ance and heat dissipation. 

To obtain adequate strength, save weight, 
and still provide the superior braking surface 
which Gray Iron assures, molten iron is 
centrifugally fused into corrugated steel 
shells (see inset). The result is a combination 
of excellent braking characteristics and 
unusual strength. 

Perhaps you have a product design prob- 
lem where Gray Iron’s versatility can prove 
advantageous. Why not consult your local 


foundry man? 


GRAY IRON Castability 
Characteristics Rigidity 
Include: Low Notch Sensitivity 
Wear Resistance 
Heat Resistance Centrifugal casting process is used to form continuous bond 
between Gray Tron braking surface and steel drum shell. 
Corrosion Resistance 
Durability 
Vibration Absorption 


Machinability 


Make it Better with Gray Iron 


Wide Strength Range Second largest industry in the Metal-working field 


GRAY IRON FOUNDERS’ SOCIETY, INC. 


NATIONAL CITY-E. 6th BLDG, CLEVELAND /4, OH/0 
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Booka fee Tg — 
METAL INDUSTRY 


Five important books issued in 1951. This means that you have 
the latest information when they are read. Top authorities, of 
course, and each keyed to the problems faced by the metallurgical 
engineer who must meet critical needs in the industry. 





Atom Movements — This book contains the formal papers presented at the annual Seminar, given under the 
auspices of the Society, and held at the two-day meeting which preceded the 32nd National Metal 
Congress in 1950. Twelve of the top experts discuss such aspects of diffusion as formal basis of 
the theory, chemical techniques, tracer techniques, mechanisms, boundary movements, high tem- 
peratures, and internal oxidation. 





6x9... jeiead ssenncescle Gam , , .$5.00 
High-Temperature 

Properties of Metals — Five lectures by as many outstanding authorities have been bound in a volume of perma- 
nent value to metallurgical engineers. Given during the @ Educational Series held at the 32nd 
National Metal Congress in Chicago, the lectures cover: creep of metals, stress rupture testing, 
high temperature fatigue testing, methods of high temperature oxidation testing, and the experi- 
ences of an industrial metallurgical engineer in the field. 


150 pages....... as . OG Giessen , Pert | | nee : , .. $4.00 


Interpretation of Tests and 

Correlation with Service — Another volume published as the result of the @ Educational Lecture Series held 
in Chicago during the 1950 Metal Congress. Particularly valuable in the industrial testing labora- 
tory where product performance needs the maximum of pre-testing for resistance to fatigue, wear, 
stress and strain. Experts in some of the leading fab: icating industries put down their conclusions 
based on actual application tests. 


190 pages...... es red cloth .. $5.00 


Nature of Metals — B.A. Rogers, Metallurgist, Atomic Research Laboratories, Ames, lowa, writes in simple 
terms about the otherwise highly technical side of metal microstructure and what happens to 


metals on heating, working, exposure, etc. It's an easy-to-read story, bound in a handy “‘tech- 
book” size. 





ere | ee a 120 Illus. . , .....red cloth : . $3.00 


Story of Metals — Another popular size book, written by one of the best lay-interpreters of science and engineering, 
Dr. John W. W. Sullivan, American Iron and Steel Institute. Dr. Sullivan unfolds the complete 
panorama of metals, from the ancient hammering out of crude hand tools to the present-day mass- 
producing of products that spell out our high standard of living. 

300 pages.. cccesencesde BB POiaena ’ .65 Ilus..... -....fed cloth vere 


USE THE COUPON 


American Society for Metals 
7301 Euclid Avenue, Cleveland 3, Ohio 


Send me Atom Movements ) High Temperature Properties of Metals 


) Interpretation of Tests and Correlation of Service Nature of Metals 
‘} Story of Metals 


Your Company 
Gri cktccccttesseaieetidndetnadpisesedaanassdaennesen CH. occcccscesece Zone 
[) Bill Me C] Bill My Company } Check Enclosed 
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THE SEAL OF 








Baldwin-Tate Emery 


Universal Testing Machines 


The change in corporate name does not 
affect the quality, the enduring precision, 
of the unusual advanced features offered 
by these world-famous machines. 

Tate Emery weighing system is entirely 
separate from the loading system. Servo 
drives provide 
power, overcomes drag, provides excess 





an outside source of 


energy to operate auto-controls. The 
multi-range system permits selection of 
range during test. 200 to one range or 
greater ... accuracy of 44% guaranteed 
down to 20% of each range . . . A.S.T.M. 
accuracy guaranteed downto 10% of each 


range. Sensitivity has been demonstrated 
at 1 Ib. in a million. Zero essentially posi- 
tive. Negligible hysteresis, creep or tem- 
perature errors. Complete calibration and 
maintenance service. Installation by a 
qualified Baldwin field engineer. 


SALDWIN - LIMA -HAMILTON 


TESTING HEADQUARTERS 


EDDYSTONE DIVISION, BALDWIN-LIMA-HAMILTON CORPORATION, PHILADELPHIA 42, PA. 


In Canada: Peacock Bros., Lid., Montreal, Quebec 
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Rolling of Powder Metals* 


A TOMIZED iron powder has been 
*” rolled experimentally using pow- 
der of normal grain size, equivalent 
to minus 52-mesh British Standard 
Screen. Particle size was found to 
have a certain effect upon the opti- 
mum density for a given thickness; 
if the minus 300-mesh fraction was 
present, this factor was not of major 
importance. Three sizes of mills 
were employed in the investigation. 
The rolls of the smallest mill were 
approximately 3 in. diameter x 5 in. 
long, the intermediate size mill had 
8-in. diameter rolls, and the largest 
were the 3-ft. diameter rolls of a 
two-high reversing mill. 

All rolled strip made from metal 
powders was characterized by a 
variable degree of porosity that had 
effect upon physical 
properties. With the 3-in. diameter 
rolls operating at a single speed of 


an adverse 


34 r.p.m., the regulating factor was 
the width of the rolling gap. Below 
a critical width at which the 
particles had become highly com- 
pacted, a considerably greater en- 

*Abstract from an article by G. 


Naesen and F. Zirm, Stahl und Eisen, 
Vol. 70, 1950, p. 995-1004. 


ergy was required for producing a 
cold deformation of the strip. The 
densities of such strip were com- 
pared with the densities of thin 
pressings compacted in dies at 
known pressures and it was found 
that values of up to 89,600 psi. 
could easily be obtained in the 
small experimental mill. 

Since the speed of the experi- 
mental mill was not variable, it was 
not possible to investigate the pre- 
sumably highly important effect of 
rolling speed; tests on the 3-ft. mill 
did establish that a thicker strip 
having a tensile strength four to five 
times as great could be made at 
higher speeds. Beyond a certain 
limiting speed however, the strip 
did not form evenly owing to in- 
adequate powder supply. The criti- 
cal rolling speed depends, therefore, 
both upon the diameter of the rolls 
and the width of the rolling gap. 
Below a given rolling gap, the rolls 
were found to take automatically 
the exact quantity of iron powder 
required for a strip of uniform 
thickness and density. 

Sintering of the compacted strip 
was done in hydrogen at between 


1740° F. and 2200°F. as the strip 
was formed. Normally, sintering 
times of 1 to 3 hr. are required for 
ferrous compacts, but in view of 
the thinness of the strip and the 
need for employing very short sin- 
tering times to maintain a continu- 
ous process, a special study was 
made of the sintering process dur 
ing the first 60 sec. Short strips 
5 in. long and 0.8 in. wide were 
sintered under the time and tem- 
perature conditions mentioned, a 
tensile strength of 3500 psi. being 
obtained after 10 sec. at 2200° F. In 
further heating tests using direct 
current, the tensile 
strength during the first second of 
sintering at 2200 and 2560° F. 
determined. 4 value as high as 


increases In 
were 


8960 psi. was obtained after 1 sec. 
at 2560° F. 

rhe sintered strip requires fur 
ther rolling. 
preferable, but difficulties arise in 
maintaining such thin material at 
the required temperature. 
strength and 
with each pass. 


Hot rolling would be 


Tensile 
elongation increase 
While three cold 
sufficient for making 
strip with good tensile strength, at 
least five passes may be necessary 
if high elongation is required. The 
strip can be easily gas-carburized. 


passes are 
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ELECTRIC MELTING 


FURNACE 


. as ever, the dependable furnace for the 
production of high-grade stainless, alloy 
and rimming steels. 


Removable roof of new design now avail- 
able for the larger furnaces. 


AMERICAN BRIDGE COMPANY 
General Offices: Frick Building, Pittsburgh, Pa. 


Contracting Offices in New York, Philadelphia, Chicago, 
Son Francisco and other principal cities 
United States Steel Export Company, New York 


AMERICAN BRIDGE 
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A COMPREHENSIVE 


METALLURGICAL INDEX Columbia 


is a subdivided outline of the entire science of metallurgy 
that provides a guide to the filing and indexing of metal- 
lurgical literature and data collections. It can be used 
with standard card indexing and literature filing systems 
or with a specially designed punched-card system. The 
complete classification outline and instructions for its use OvER 

are contained in a handy 8'4 x 11 paper-bound booklet, ALL 

selling for a dollar. THE U.S. A. 
WHO MADE IT: 


The classification was prepared by a joint committee of 
the American Society for Metals and the Special Libraries representa 
Association. Its authority, accuracy anc completeness cipal cities. 
have been checked by experts in all branches of metallurgy. 


WHAT DO I NEED? 


First, the booklet containing the classification proper 
essential for all purposes . . . Second, a set of looseleaf man 
worksheets which provide capacity for the individual user lems. 
to expand minor fields, to add new subjects, and to develop 
desired sidelines essential only for the user who wishes 
more detail than provided in the existing outline . . . Third, 
Punched cards and punched-card equipment a new and 
efficient bibliography filing method. 

WHERE DO I! GET IT? 

The classification book and the Worksheets are available 
from the American Society for Metals, 7301 Euclid Ave., 
Cleveland, Ohio. The punched cards and punched-card 
equipment may be purchased from Lee F. Kollie, Inc., 
35 East Wacker Dr., Chicago 1, Il 


For further details, write: COLUMBIA TOOL STEEL COMPANY 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Avenue Cleveland 3, Ohio 
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in high temperature testing 
of metals with a 


MARSHALL FURNACE AND 
CONTROL PANEL... 


Marshall equipment is especially suitable where tensile, 
fatigue, creep or stress-strain rupture tests ore mode ot 
high temperatures. For with the Marshall Furnace and Control! 
Panel, a temperature uniformity of + 3° F. over the gouge 
length of the specimen is easily obtained. In fact, many users 
report holding the temperature to + 1° F. throughout the 
test length. 

Engineered spacing of heating element coils on the refrac- 
tory core insures temperoture uniformity. These coils ore 
anchored securely, thereby preventing any shift in location 
which might destroy the heat bolance. A special advantage 
of the Marshall Furnoce is simple by-zone adjust 
of furnace temperature. This is achieved by bringing leads 
out from the heater coils to connect with tops along the ovt- 
side of the furnace. Shunts connected to the tops permit by- 
passing port of the current to regulate the amount reaching 
porticular areas. 

Accurate temperature control is assured hy the Marsholl 
Control Panel. The panel's special contro! circuit regulates 
voltage input and holds temp fluctuation to ao mi 


For more information, send for illustrated technical folder. 
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L. H. M 


ARSHALL CO. 
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a Accurate Temperature Rooting 
FOR THE GOVERNMENT 4 Cuts Costs — Reduces Waste! 


, Surface Pyrometer 


Here’s good news for plants and labora- 
PHOSPHATIZING, RUST PROOFING AND PAINT tories who've told us they wanted a low- 


BONDING CHEMICALS cost, rugged instrument that will give 
Specification Number ACP Specification Chemica; accurate surface and sub-surface tempera- 
QQ-P-416 Lithoform ture readings under all operating condi- 
Zinodine : tions. The NEW PYRO Surface Pyrom- 
RR-C-82 Lithotorm’’ No. 32 eter is quick-acting and fool-proof 
MIL-C-3541 (See also QPL-5541-1) Alodine no special experience needed to operate it. 
MIL-S-5002 Alodine B ’ dial. € | N 180 v full 
Gronedias ig 4 ial. atalog No. gives fu 
JAN-C-490, Grade | Granodine : particulars 
JAN-F-495 Granodine 
Lithoform * 
JAN-L-548 Permadine 
AN-E-19 Alodine THE NEW PYRO 
: Zinodine RADIATION PYROMETER 
AN-F-20 Alodine 
Granodine Tells spot temperature 
Lithoform”’ instantly —in heat 
Permadine treating furnaces, kilns, 
Thermoi!-Granodine “ d »b 
Zinodine” forgings and hre boxes 
(See also U. S. A. 3-213) No thermocouples, 
U. S. A. 57-0-2 lead wires or accessories needed! Tempera 
Type !!, Class A Thermoil-Granodine ture is indicated on direct-reading dial at a 
Type !!, Class B Permadine press of the button. Any operator can use it 
Type |i, Class C Granodine In two double-ranges for all plant and labora 
U. S. A. 51-70-1 tory needs. Write for FREE Catalog No. 100 
Finish 22.02, Class A Thermoil-Grancdine” 
Finish 22.02, Ciass B Permadine 
Finish 22.02, Class C Granodine” 
U. S. A. 50-60-1 Granodine”’ P t | t 
U. S. Navord 0S. 675 Alodine é Fyrometer insirumen ompany 
U. S. N. Appendix 6 Lithoform 


Navy Aeronautical M-364 Permadine New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


Thermorl-Granodine Manufacturers of Pyro Optical, Radiation, Immersion 
16E4 (Ships) . —— pea and Surface Fyrountere for over 25 years a 

sfanoame 

Zinodine 
AN-C-170 (See MIL-C-5541) 
U.S. A. 72-53 See # N-F-20) 
AXS-1245 (See JAN-C-490) 














Just sight it 
and press the button 





RUST REMOVING AND METAL CONDITIONING 
CHEMICALS 


Specification Number ACP Specification Chemical 
JAN-C-490. Grade | 

Type 4 Deoxidine’’ Nos. 126, 512, 526, 624, 670 

Type 5 Deoxidine’’ Nos. 170, 171, 670 

MIL-C-10578 

Deoxidine”’ (Wash-off) 

Deoxidine” (Wipe-off) 

Deoxidine’ No. 424 

U.S. N. Appendix 6 Deox: dine 

U. S. A. 3-213 (See MIL-C-10578) 





METAL CLEANING CHEMICALS 
Specification Number ACP Specification Chemical 
JAN-C-490 Grade II 
Type Ridoline 
Type 6 Ridosol 
U.S. A. 3-192 Ridoline’ No. 3192 


ACID INHIBITORS, PICKLING 
Specification Number ACP Specification Chemical wee 
U.S. N. 51-1 Rodine”’ P 
: . CARL-MAYER HIGH TEMPERATURE FUR- 
Additional copies of this chart and descriptive NACE, recirculating air heater type, for tem- 
peratures up to 1200°F., as installed for 
folders on the ACP Specification Chemicals listed Timken Roller Bearing Company. @ We also 
above are available on request. build Conveyor and Batch Type Furnaces up 
to 2000°F., for heat treating, normalizing, draw- 
ing, etc., using gas, oil and other fuels. @ Our 
> a “= many outstanding achievements make it well 
Pioneering Reesarch Gnd Development Since 1914 worth your while to consult Carl-Mayer Engi- 


AMERICAN CHEMICAL PAINT COMPANY neers on your next installation. 
| AMBLER) PA. . 


Al, AGRICULTURAL ond PHARMACEUTICAL CHEMICALS 











3030 Euclid Avenue, CLEVELAND, OHIO. 
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CONTINUOUS 


HARDENING - QUENCHING 


This AGF Model No. 166 Reciprocating Furnace and 
Quench Tank handles a continuous flow of parts ranging 
from steel pen points to substantially large finished parts. 
The work is conveyor fed or hand loaded onto the 
hopper at the right of illustration and then con- 
tinuously fed through the furnace by reciprocal 
action, smoothly, positively —the work passes along 
and into the quench where a mechani- 
cally proficient conveyor carries it away. 
Write for Bulletins 815 and 820. 











The ERNST Portable 
HARDNESS TESTER 


Quick ... Accurate, Direct Readings 


. Size and Portability. Over 
all size, Height 3”, Diam 
eter 24%", Packed in case 
6" x 3%" «3%". Weight 
net 30 oz 

. Accuracy. Each Instrument 
individually calibrated 

. Operation. By Hand Pre: 
sure 

. Indentation. Maximum 
depth 0.003”, Maximum 
diameter 0.006” 

5. Seale. Direct reading: f hardness on visible scale to 
either Rockwell or Brine low, medium or high ranges 

6. Penetration. “‘Static’’ and not determined by “Shock 
application 


The instrument is designed to meet long d d for onably 
priced, portable, accurate product giving direct readings without 
reference to conversion scales or calculations. 





Write for Prices and Bulletin ET 12 


Wh ITER TION 


Distributors’ Inquiries Invited 


Offices in London, England, and Toronto, Canada 














Move costs the right way 


. Spinning="4 
Fabricating 


Send For This 
Check List 
of Ideas 

and Methods 


There’s nothing static about Spincraft spinning and 
fabricating. It gives you a most flexible approach to design 
and production — whether quantities ore large or small. 
Best of all, Spincraft methods eliminate high tooling costs; 
gain weeks of time; save many, many dollars. 

The scope of these abilities and facilities in all metals 
is highlighted in a new reference book that points the way 
to far greater economy in the production of many ports or 
products. Here is a source of practical how-to-do-it ideas 
plus solid engineering facts that is yours for the asking. 
Send for your copy of the Spincraft data book, now. 
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BUZZER Gas BURNERS 
Gor Many Industrial Gas Uses 


NO BLOWER or POWER NECESSARY 
. ++ just connect to gas supply 


Ring Burners 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER” Burners are unexcelled for 


| will pay you | | rsrviernsaacie Y 

to call in your he “RIZE: con wn col no 

- Honeywell CHARLES A. HONES, inc. 
Supplies Man 


* 





123 So. Grand Ave. Baldwin, L.I., N.Y 





eee today! 


Wise BUYERS benefit from the provisions of Lal Kolts 
the HSM Plan for all pyrometer supplies pur- 


chasing. Just like the buyer shown above in a 


discussion of thermocouple extension wire with for the h a nd | lake] 
Bud Tovig, Honeywell Supplies Man from our 


New York office. of all m aterials 


The HSM Plan includes a realistic survey of lel 144-148) 
your pyrometer supplies requirements, a listing AND BUILT 
of the specific items such as thermocouples, 
protecting tubes, extension wire, charts, etc., a 
breakdown according to planned and periodic 
purchasing, and a contract which features a 
marked reduction in your total cost. Once the 
plan starts to operate, it’s practically automatic 
... gone are the days of confused specifying and 
hopeful waiting for delivery. 

Call in your Honeywell Supplies Man, today .. . 
he is as near as your phone. 

Stocks maintained in Philadelphia, Cleveland, 
Chicago, Houston, Los Angeles and San Fran- 
cisco. MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4503 Wayne Ave., 
Philadelphia 44, Pa. 


. as 
waco, ASHWORTH BROS., INC. 


CATALOG 47P METAL PRODUCTS DIV. e WORCESTER, MASS. 
: . Bullalo + Chattanooga * Chicago * Cleveland * Detroit 
BROWN INSTRUMENTS Sales Engineers located in 


Los Angeles > New York * Philadelphia + Pittsburgh + Searle 
Canadian Rep., PECKOVER'S LTD. . Toronto . Montreal . Holifax . Winnipeg . Vancouver 
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MICRO HARDNESS 


Impressions 
At 1000 X 


Above Impressions made by an Eberbach Micro 
Hardness Tester in tool steel. Diamond indenter 
carries loads from 7.5 to 500 grams. Write for 
Bulletin MHT giving complete details. 


SCIENTIFIC 
INSTRUMENTS 
C-OPPORATUS 
Q Lael CORPORATION 
ANN ARBOR. MICH. “tener tees 
Telephone 2-5634 Teletype ANN 776 











SPECIFIC, DETAILED 
INFORMATION ON MACHINES, 
ACCESSORIES, TOOLS 


Completely revised Second Edition 


-— METAL—— 
PROCESSING | 


By ORLAN WILLIAM BOSTON \ = \ 
University of Michigan 

Correlates data on design, metal and final 

form. Features: 
specific, detailed data on machines, accessories, 
tools, machinability 
correlation of design, metals (metallurgy and 
fabricated form) and manufacture 
wide coverage of practical ———— 
new technical information developed during and 
since World War II — cutting tool materials, 
methods of grinding, cutting oils, speeds and 
feeds, etc 
development of product design including mate- 
rials, analyses and forms, fits, tolerances, surface 
quality, etc 
outline of manufacturing processes for metal 
parts, classes of machine tools, and accessories 
involved in manufacturing, routing, time study, 
plant layout 
Saoes engineering specifications and standards 
590 helpful illustrations photographs 
charts diagrams 

1951 763 pages $7.50 


Send to Wiley today for your approval copy 
Please include name, address and your firm's name 


JOHN WILEY & SONS, INC. 


Dept. MP-551, 440-4th AVE., New York 16, N. Y. 
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HIGH FREQUENCY 


HEATING UNITS 


INSURE uniform high speed quality production 
with measured, controlled heat exactly where 


required for exactly as long as required 


YOU CAN DO ALL THESE JOBS 


LEPEL High Frequency HEATING UNIT 


BRAZING 


rer brornng 


ANNEALING 
STRESS RELIEVING 
NORMALIZING 


SOLDERING PRE-HEATING 
Meater. tester er go Forgina Mer 


LEPEL Electronic Tube GENERATORS 
from | kw to 50 kw 
LEPEL Spark Gap CONVERTERS 
from 2 kw to 30 kw 


LEPEL HIGH FREQUENCY LABORATORIES, Inc., 
39 West 60th Street New York 23, N.Y. 
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Shell Forgings 75 mm, 90 mm, 105 mm and other sizes Gas Cylinders Compressed gas cylinders or tanks are 


are scale-free hardened, uniformly, au continuously normalized and annealed 
tomatically and continuously, in these and other EF gas fired scale-free, inside and out—in this and other EF gas fired 
installations furnaces 


Typical @ Furnace 


Installations eoduction 


We have the drawings 

and have already built these 

and many other defense production furnaces. 

Years of experience and complete manufacturing facilities 

enable us to give dependable service on furnaces for treating jet or 
propeller type engine parts; tank, automotive or aircraft parts; armor plete; 
metal powder products, ammunition components and other defense products. 


Stet THE ELECTRIC FURNACE CO. . SALEM, OHIO 


GAS, OIL OR ELECTRIC FURNACES, FOR ANY PRODUCT, PROCESS OR PRODUCTION 


. . 
i Propeller biades are uniformly heated A battery of EF gas fired radiant tube con- 
Aircraft Parts crePettaches ia this EF continwoes tor Shell Cases ps 


tinuous special atmosph nm annealing 
nace. Types available for other propeller and jet type engine and stress relieving furnaces. Other types le for steel 
and aircraft parts or brass. 


; ; Machine gun cartridge clips, links and Heavy castings, plete, weldments and other 
Cartridge Clips other products are scale-free hardened Tank Armor products are heat treated in these EF fur 
—continuously in EF belt furnaces. Capacities, 175 to 2000 paces Gantry cranes simplify loading, unloading and 
Ibs. per hr Quenching 








“Dag” Colloidal Graphite... 
the Hot Spot Lubricant 


“Dag” colloidal graphite dispersions overcome frit 
tion and keep parts lubricated for action at virtually all 
.. even up 





temperatures experienced in metalworking 
to 5000 F. in inert atmospheres! “Dag” dispersions 
heat. 


have almost unlimited resistance t« 





In deep piercing operations the use of colloidal graphite 
means a smooth product reduced die damage. Scaling 

and sticking are minimized in forging. Tearing and 
rippling are reduced in stretch-forming. In wire-draw 


ing, diameters are truly uniform and die life is greatly 
casting sur- 


extended. In casting, parting is easier 


faces smoother. 


When a “dag” dispersion is applied to the friction 
surfaces of metal it leaves a graphoid film so thin that 
even the most sensitive gages cannot detect it. This 
lubricating film provides the metal with a surface that 


has an extremely low coefficient of friction, that resists 


oxidation, and that will function far above the burning 


point of oil. 
The new and complete booklet “Use of Colloidal Graphite 
ours for the asking. 


for Metalworking Operations” is 
Write today for Bulletin #426-10D. 


a 


Acheson Colloids Corporation 
Port Huron, Michigan 
London, England 








